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Ai' "SUMMPRY

The research reported here was initiated to determine whether a biomass-

fueled energy production facility could provide an economical, but more

secure energy source for Eglin Air Force Base. The basic criteria for the

report recognized that complete energy independence was neither desirable

or economical. The scope of the report required that two different

scenarios for plant size be considered and examined for financing and

operation by either a private third-party or MILCON. The plant sizes were

intended to provide for essential requirements of (1) the entire Eglin AFB
complex and (2) the Main Base segment only.

A requirement of the work scope was the consideration of providing both

Sbdthermal and electrical energy. The fact that thermal requirements for the

base are presently provided by small decentralized natural gas-fueled
boiler plants or direct-use natural gas appliances, together with the re-

latively short heating season made it immediately evident that it would

not be economical to convert to a centralized system with underground

distribution.

The plant sizes studied for the entire Eglin AFB complex and the Main Base
were 25-MW and 15-MW output, respectively. These plants could supply

roughly 80 percent and 76 percent of the annual electrical energy usage

for the respective base segments and permit operation of all essential

services under emergency conditions.

A financial pro forma for each of the plant sizes was run for both third-

party and MILCON financing and operation. These pro formas in Section IV

of the report, indicate that the return on investment required to attract

a third-party operator would increase rather than decrease the electrical

energy costs in either the 25-MW or the 1541W case. These cost in-
e e

creases would vary from 12.8 and 8.8 percent in the first full year of

--.-" operation, to 5.3 and 11 percent in the 15th year for the 2 5-MWe and
*. 15 -MWe cases, respectively. Should funding be available for the MILCON

- cases however, the cost of electrical energy would be reduced by roughly 7



percent for either plant in the first full year of operation

and to 16 and 19 percent in the 15th year for the 25-MW and

15-MW cases.
- e

In summary, except for reasons of national security, it is

impossible to recommend implementation of either sized plant

when it indicates a negative net present value and a maxi-

mum rate of return of 5.2 percent for the most favorable of

the cases studied.
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SECTION I
• I"•.•. OEI INTRODUCTION e

The objective of this effort was to perform an updated assessment of the

"- current and anticipated process and facility energy requireents at Eglin AFB,

-. Florida, and, based Gn these results, to project installed equipment costs and

operating costs for the biomass energy conversion systems proposed to meet

these requirements. Results of this investigation will be combined with

previous data from extensive technical efforts examining the feasibility of

..-- . developing and implementing biomass energy conversion systems to provide
"-: -' - facility and process energy for Eglin AFB.

B. BACKGROUND

"Energy Crises" of the past decade have highlighted the fact that the

United States remains dependent upon uncertain suppliers of imported

• I fossil-fuel. Energy security is important to the United States, but mandatory
-Z for the armed services, and especially critical for the Air Force, which

depends on the security of its airbases for mission accomplishment. The Navy

" ". .takes its ships and airplanes to the combat zone; while the Army deploys its

- forces to the theater of operations. The Air Force, on the other hand,

conducts its operations largely from established bases, which must be secure

- and capable of uninterrupted operations.

An Air Force alternative to liquid fuel dependency for base operation

-- would be a locally available energy source such as renewable biomass.
Realizing the vulnerability of its installations to fossil-fuel interruptions,

the Air Force began an in-house study in 1978 to evaluate the feasibility of

* using wood grown on Air Force installations to supply the heating energy
- requirements of those installations, thereby, replacing the conventional

S- "fossil-fuels in use. That study, Forestry Lands Allocated for Managing Energy

(FLAME), identified Air For-e installations with the potential for satisfying

significant portions of their e:=.';y requirements with cull trees grown on the

installation.



-: ~ Three followup studies to the FLAME study were conducted. The first study

addressed the technical issues of interfacing biomass conversion systems with
in-place energy systems and found that Eglin Air Force Base had the highest

] * technical and dollar payoff potential. The second study focused on Eglin Air
Force Base as a model Biomass Energy Island (BEI) and addressed the issue of

,-] utilizing the installation's resources under a BEI concept. Based on the
maximum wood fuel requirement of 540,000 green tons per year, that second study

identified 90,000 net produc.ng acres out of the 464,000 acres of Eglin AFB for
inclusion in biomass energy plantations which would not interfere with the
Base's mission. The second study also recommended a superior silvicultural

option that included the Choctawhatchee sand pine (CSP) as the species to

cultivate.

The third study described a program to implement the BEI concapt,

including: timber management methods, silvicultural practices, fuel harvesting

* - and delivery, and base management requirements.

Because several years have passed since the Energy Conversion systems were

originally described, one of the findings of the third study was that these
systems were no longer in tune with updated energy consumption data and new

management plans. Accordingly, the Air Force commissioned this study to
reconsider Eglins' energy consumption profile, apply current thinking to the

energy conversion systems described, ar' recommend the optimal system based

upon current findins. , an economic analysis is to be provided
* for two situations. The first is for an Air Force-owned and operated systemn and

- the other is for third-party operation.

* C. SCOPE

This study evaluated the economic feasibility of applying current wood-
burning energy conversion technologies on Eglin AFB.

- It consisted of four technical tasks:

0 Revised assessment of current and projected process and facility

energy requirements.

2



*• A determination of recommended system capacities and corresponding

detailed estimates of the cost-effectiveness of each.

- A summary briefing.

. A technical report. F,

- The approach was to look at small power production systems in two
capacities: (1) to provide 100 percent of the minimum monthly sustainable -

electrical requirements of the main base, and (2) to provide 100 percent of the

minimum monthly sustainable electrical requirements of the entire Eglin AFB

community.

Cost-effectiveness determination of each system will be shown for both

third-party financing and military construction funding.

7-

:7-
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SECTION II

ENERGY REQUIREMENTS

.A. INTRODUCT13N

To establish a basis for overall recommendations for the size and types of

* e quipment to be used in the BEI concept, data on the use of energy of all types

- on the base for a full-year were obtained.

B. BASE DEMANDS

1. Thermal :

, i Thermal demands of major buildings on the base are presently met by

small decentralized boiler plants operating on natural gas fuel. Smaller

. buildings and housing facilities are provided with direct-use, natural

gas-fired appliances because the capital expenditures required to provide

thermal energy to even the major buildings from a central location would be

prohibitive. No further study of this option was initiated.

2. Electrical

Electrical power for Eglin AFB is provided by Gulf Power Company

* - through two major substations. The larger Valparaiso Substation feeds directly

- the North Gate, Foster, and Main Base substations. Through a 25-kV switching

Sstation, it preferentially feeds the West Range, East Range, Florose, Auxiliary

9, and Site A-20 substations. The smaller unit, West Gate Substation, feeds

the family housing area and the TAC substation. In addition, the West Gate

Substation can provide emergency nower to the other Eglin satellite substations

connected to the switching station by tying in to the 25-kV switching station.

4
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•4 Vk,

' ;Gulf Power Company furnished computer printouts of hourly demands for
each of the major substations for the Calendar Year 1983. Extracting the data

from these printouts, three annual demand profiles were created and labeled

Figures 1, 2, and 3 showing absolute maximum demand, 5-day minimum demand all

S - on a weekly basis. These figures represent the combined total base demand,

Valparaiso Substation demand, and West Gate Substation demand, respectively.

C. PLANT SIZE SELECTION

In conformance with the statement of work for the contract, two sizes of

, . plants have been identified. These sizes, nominal 25-MWe (net) and 15-M

(net), were selected on the basis of the review of Figures 1, 2, and 3

referenced in the previous paragraph. An evaluation of the electrical

-"] .-. profiles revealed that plants sized to meet the maximum demands of the two

. -: options would usually operate far below their design capacities, or would

require significant export of power to the serving utility. The final

selection was made on the basis of providing plants of sufficient size to meet

"the essential base loads throughout the year and to be able to follow base

demands below the plant nominal rating without exceeding the turn-down

.• :1 characteristics of the biouiass-fired boilers.

The 25-MW (net) plant was selected for the "entire Eglin community"
e

option, and would be "base-loaded" for the greater portion of the year. It

would electric-load follow only durina the time when the total base demand fell
below the 25-MW level. This option would require an internal base tie-line

e
operating at 25-kV between the Valparaiso Substation and the West Gate Sub-

station together with lock-out of the utility feed to the West Gate Substation.

With this arrangement, the plant would be able to produce 79.3 percent of the

"-. total annual electrical consumption of the Eglin community on a full-

availability basis.

The 15-MW (net) plant was selected for the Eglin "Main Base" option and
e

would serve only those facilities presently connected through the Gulf Power

Company Valparaiso Substation. The areas being served by the West Gate

Substation would continue to be served by Gulf Power. In this case, the plant

5
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would be able to produce 73 percent of the total annual electrical consumption
of the Eglin Main Base facilities. Similar in operation to that of the large

C
plant, the 15-MWe facility would be base-loaded, except for those times when

the requirements of the Main Base were below the 15-MWe level. In neither case

- would there by any power export since the purchase price rates of Gulf Power

Company are so low as to make export uneconomical.

The following tabular summary serves to illustrate the relationship of the

'I plant sizing to the base demands.

Fuel % Base Usage
Nominal Usage Annual MW, w/Plant at
Plant @ Rating @ 7,700 hr/yr Total Base Main Base 7,700 hr/yr
Output w/47% MC Availability Usage/Year Usage/Year Availability

- (MWe) (TPH) (MWHx1O 3 ) (MWHx1O 3 ) (MWHx1O 3 ) (•)
eL

25.0 41.4 (1) 192.5 242.1 -- 79.5

; 15.0 24.9 115.5 -- 158.1 73.1

(1) With Valpariso/West Gate Intertie "

- The availability of 7,700 hours per year allows for roughly 12-percent

downtime for both routine and unscheduled maintenance that could be expected

for plants of this type.

- D. BIOMASS RESOURCE REOUIREMENTS

1. General

. Past studies have demonstrated the potential for producing energy-

- .;- wood on lands owned by Eglin AFB. These studies also indicated that the base

-- could achieve energy self-sufficiency with wood grown on its own land. A later

study by Batelle, Columbus recommended a management regime for the forested

- '._* lands on Eglin which precluded this action. The present study explores the

possibility of an alternative to onbase wood production; the procuring of wood

from other forest land in the vicinity. It assesses the availability of

e,iergy-wood biomass within the Eglin Procurement Area (EPA).

9
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This study must be considered as a gross estimate of the available
rM.

wood volume and may serve as a basis for decision-making at this time. Its

level of accuracy is consistent with the present status of the project.

Estimates of available volume and production are deliberately conservative and

are based on the following assumptions:

* 50-mile truck haul limit.

- No wood will be available from Eglin AFB land.

0 No wood will be available from land-owned, or leased by forest

industries. (It is probable that local forest industries will

*• eventually use energy-wood from their holdings to fuel their own
operations.)

0 Estimates of "now-available" cut include only the volume which

will come from hardwoods not suitable for sawlog production.

They do not include logging slash from pine operations, pine

saplings, or any volume from sparse pine stands or offsite pine
* - plantations which might be harvested for energy-wood, nor do

>1 they include possible cuts from extensive area sand pine

plantations which may be available for energy-wood harvest, if

the price is right. No estimate is made of possible volumes

available from mill residues or from urban waste (landfill).

The Eglin Procurement Area (EPA) is considered as roughly the land

within a 50-mile radius of the base. Longer haul distances are common for

energy-wood chip hauls in the area; however, we will use the 50-mile limit as a

conservative and certainly economical truck haul distance for this area. N1o

consideration has been given to rail-haul delivery, although this is a possi-

bility. The 50-mile limit concept is operationalized through the use of a

five-county stidy area, using the Forest inventory Retrieval System (FIRS) of

the USDA, Forest Service. Figure 4 -s a map showing the five-county area which

L' - -" -- - - - -
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roughly approximates the boundary of the procurement area. About 30 percent of

the EPA lies within the state of Alabama. As the USFS was not able to furnish

a printout combining Covington County, Alabama with the Florida data, the

Florida data were expanded on a pro rata basis to adjust for this fact.

The report will consider for the EPA:

* Land available for energy-wood production.-

9 Existing energy-wood volumes.

• Harvestable energy-wood volumes and growth.

0 Probable prices for delivered wood.

2. Land Available
-. ;'-"

Within the five-county Florida base area, the following is the

distribution of commercial forest land:

Acres

Public 590,000

Forest Industries 448,000

Leased, Forest Industries 72,000

Farmer 263,000

Miscellaneous Private 629,000 E1
TOTAL 2,002,000

If Eglin lands (404,000 acres) and forest industry-controlled lands
(520,000 acres) are excluded, a total of about 1,078,000 acres (54 percent of

the total) is available in Florida as an energy-wood source. An estimated

550,000 acres of nonforest industry-owned land are available in Alabama, giving

a total of about 1.6 million acres. This is the land base which can be drawn

upon to supply Eglin's energy needs.

12 -•
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; sOf this available land, 40 percent is in pine-type, 19 percent in

pine hardwood, and 41 percent in hardwood type. Importantly, more than 80

percent of the land is on uplands suitable for year-long logging.

3. Existing Energy-Wood Volumes

cj I In this study, existing energy wood is defined as bole, tops, stumps

"and saplings of rough and rotten hardwood and pine, plus tops of growing stock

"trees. Ir. addition, an arbitrary 25 percent of growing stock hardwoods of less

* kthan sawlog size trees have been assigned as candidates for energy-wood

harvest. When calculated volumes from the five-county study area are adjusted

* . for the exclusion of Eglin and Forest Industry lands, and the inclusion of

r'_" Alabama lands, a total of 21 million tons of energy-wood exists within the

S-Eglin Procurement Area.

4. Harvestable Volumes and Growth

Not all of the existing volume can be harvested. The USFS Forest

Inventory Retrieval System quantifies those land areas within the survey area
-- that need silvicultural treatment into broad management classes. FIRS also

provides information on growing stock volumes found on such areas and other

stand demographic data which can be manipulated to predict the volume of

energy-wood probably harvestable from these lands. Calculated energy-wood

--yield volumes for harvestable private land within the five-county study area,

by management classes, are shown in Table 1 below.

TABLE 1. HARVESTABLE ACRES AND YIELDS, PRIVATE LAND.

OPERABLE ACRES (M) 1 TONS/ACRE YIELD
Nat. pine Oak-pine Upland H. Low1. H.

Salvage and Harvest 12 - 8 4 - 39 -- 10 - 73

Conversion and Regen. 90 - 9 144 - 10 66 - 13

Total Acres (M) and Mi Tons 12 /0.1 94 1 1.0 144 / 1.4 76 / 1.6

13
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Total energy-wood yield for the 892,000 acres of nonindustrial
S.private forest land in the 5-county area is 4.1 million tons or 4.6 tons/acre.

Applying this value to the nonindustrial forested acreage (1.6 million) within
the EPA results in an indicated harvestable volume of about 7 million tons.

Net annual growth for rough and rotten culls of all species is
calculated to be 2.8 percent. Another 1.0 percent is removed annually for

- firewood, site preparation, etc. It appears that as much as 3.8 percent of
- existing energy-wood volume would be available annually on a "sustained yield"
- - basis. This growth amounts to about 800,000 tons annually.

A conservative estimate is that 7 million tons of energy-wood are now
- harvestable within the EPA, and another 800,000 tons are being produced
- annually. Maximum requirements for the 25-MWe plant are less than 400,000 tons

per year.

5. Probable Prices for Delivered Wood

A wel!-established energy-wood harvesting end delivery system exists
I within tne EPA. As many as 400,000 tons are harvested annually for energy-wood
. in the Florida Panhandle area, practically all of it from company-owned lands.

"Delivered prices are negotiated and vary with haul distance, cut per
acre, and current status of operator needs. Recent (1984) contra:t-delivered

.• chip prices (adjusted to a 35-mile average haul, and S1.000 per ton stumpage)
"-- ranged from $10.95 to $15.50 per ton and averaged $13.83. A recent bid for

310,000 tons annually, solicited by the City of Tallahassee, produced a low bid
- of $13.90 per ton. This bid is now under negotiation and may require a

resolicitation. As energy-wood markets develop in the area, an increase in
.- prices can be expected, but under current market conditions, wood in large

quantities can almost cert'iinly be obtained at $15.00 or less per delivered
S-ton for wood chips at less than 50-percent moisture content.

14
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SECTION III

PROJECT DEFINITION

A. GENERAL ,•.'

4
The following project definition is specific for the 25-I'e net plant

_Mesize, but since both plants have identical cycles and functions, it is
applicable for the 15-MWe net plant if all flow and use rate values are
adjusted to 60 percent of the values specified for the 2 5-MWe plant. This 60-
percent flow factor can also be used to correct the fundamental flow diagram,

while the plant layout and elevations will not differ significantly for the K

smaller plant. Complete computer performance printouts are included for both
plants in Appendix A.

The project includes the conceptual design, construction, and startup of a
wood fuel-fired power plant producing a nominal 2 5-MWe of electrical power.

- Appendix B includes an area location plan, plant arrangement, elevations,
fundamental flow diagram, and electrical single-line for such a plant. The
facility will include provisions for receiving, handling and storage of wood

- - fuel, the production of electrical power, and interconnection to the area elec-
. trical distribution system.

The project will be designed for continuous high availability, maximizing
- megawatt production. To provide this reliability, wherever practicable, backup

.• equipment will be provided in the critical areas, such as feed pumps,

condensate pumps, and circulating water pumps.

B. SUMMARY OF MAJOR EQUIPMENT

1. Wood-Handling Equipment

The wood-handling system will provide a means of receiving, classi- ,.

"fying, storing, and reclaiming woodwaste to the boiler feed hopper. The wood-

handling system consists of the following major items of equipment:

15;



¾ •- - Two Truck Dumpers with Scales

-- Two Receiving Hoppers

i- Magnet

ftý - Disc Screen Classifier

- Wood and Bark Hog

""- Open Storage Reclaim System

l- Buffer Storage before the Boiler

- Stackout and Reclaim Conveyor Systemsr

2. Steam Generator

The steam generator will be a fluidized-bed type boiler. The boiler
-- -.package includes the required startup heater, economizer- superheater, induced

.*.,Z ~ ,-draft and forced draft fans, and emission control equipment. The boiler design

parameters are:

"Design Capacity 216,000 lb/hr

Design Outlet Pressure 1,265 psia

Design Outlet Temperaturr 9550F

Wood Fuel Firing Rate at

47-Percent Moisture Content 41.4 ton/hr

3. Air Quality Control Equipment

The facility will be equipped with an air quality control system to

"* remove particulate from the boiler gases to meet the presently acceptable

emission levels. The air quality control system will consist of a

mechanical dust collector and an electrostatic precipitator, or baghouse.

4. Condenser System

iThe facility will be equipped with a multimodule, wet surface,

air-cooled condenser, designed to operate at a design wet-bulb temperature of
77FF.

16
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4.

5. Turbine Generator

The turbine generator unit will consist of a single-casing,
condensing turbine, and a closed-air/water-cooled generator operating at 3,600

rpm. The turbine design conditions are:

Throttle Steam:

Pressure 1,250 psia
Temperature 950°F
Flows 216,000 lb/hr

Exhaust Steam:

Pressure 2.5-inches HgA
Number of Extractions 2
Number of Feedwater Heaters 1 Deaerator

1 Low-Pressure
6. Electrical Equipment (i.."

Electrical equipment will be provided to control and deliver power to
the base grid, and to serve internal plant loads.

Major electrical equipment will include a 13.8-kV switchgear assembly
with utility tie breaker, generator, and plant service fused disconnects.

7. Instrumentation and Control Equipment •-

A central control room will be provided for remote startup, moni-
toring, control, and shutdown of frequently operated equipment. Local controls 1-*.

will be provided. The operator interface will consist of a centralized,
dedicated control system, auto/manual stations, indicators, recorders, and
annunciators.

Z. N1.
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"'-f SECTION IV

SIE ECONOMICS

A. GENERAL -

The scope of this study requested that we look at the economic feasibility
of providing a supplemental electric power source to Eglin AFB through the
construction and operation of a wood-fired power plant. The sizing of the plant --.

was to be determined by the needs of the Main Base area and also of the total
-base. After review of electrical consumption records provided to us from
:: January 1983 through July 1984, and the electrical rates structure that Eglin

"presently enjoys with Gulf Power, it was determined that the most economically
-- efficient plant sizes to accommodate needs woui' be 15 MW e for the Main Base

and 25 MWe for the total base. These sizes were determined so as to b" able to
base load the facility for maximum efficiency and also not trigger a higher
rate structure for additional power needs.

B. PROJECT COST SUMMARY

1. Costing Criteria

. Capital costs are associated with the active engineering design,
procurement of equipment and materials, and the construction and startup of the

plant.

The following assumptions pertain:

0 The site is assumed to have good soil conditions of at least 3,000
pounds per square foot bearing capacity; no special foundation
requirements have been allowed for.

19
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S Present access roads are assumed adequate to serve this new genera-

. .tion plant, and only onsite roads have been costed, as required. All

- •piping carrying services to and from the generation site is assumed
to extend only to battery limits.

0 Filtered water of city quality and adequate pressure to meet the

stated requirement of the generation plant is assumed to be available
at the generation site boundary. It is also assumed that all liquid

effluent from the generation plant will be transferred to the base

:,. .. sewer system at the battery limits.

* No landscaping of the generation plant site is provided for. The

perimeter of the generation plant site will be enclosed with chain

link fencing, as shown in Appendix B (page 83).

cj * The generation plani will be of outdoor construction. A building

will be provided to house the maintenance area, personnel facility,

switchgear, and control room.

0 The demineralization plant for the boiler feedwater is based on
rented ion exchange units and does not include a regeneration plant.

- Water for fire protection is assumed available at the battery limit

at adequate pressure to meet local codes and national standards.

0 -- This project costing is based on union labor and constant December

1984 dollars.

--" No allowances have been made in the Capital Cost Estimates for the fol-

r� lowing items:

-- Spare Parts

Operation, Maintenance, and Test Equipment

•- Office Furnishings

20
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S- Cranes

"-1- Emergency Diesel Generator 
_

S- - Emissions Monitoring Equipment 
.

t- CO Control
- Front-end Loaders

2. Capital Cost Estimates

The following pages present the construction cost estimates for the
two different-sized facilities. The costs for the 25-MWe plant are estimated to 0_7

2be approximately 39 million dollars, while those for the 15-MWe pl ant are
approximately 33 million dollars.

The economies of scale of the larger 25-MWe plant are very apparent when
the differences in capital costs are examined. With only an 18-percent
,I,,-case in capital costs, a potential annual generating capacity of roughly
66 percent could be achieved. This would increase from 115.5 x 16:,.".."r to

-. . 192.5 x 10 3-4WHr comparing the 15-MW plant to the 25-MW plant. In addition, _"_

while fuel usage and cost would be proportional to plant output, plant overhead
- costs such as operating labor and administration would be only marginally

different.

-. 21
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TABLE 2. EGLIN AIR FORCE BASE, BIOMASS POWER PLANT,

"25-MEGAWATT CASE.

CONSTRUCTION COST ESTIMATE '4

Item Cost

Site Work $ 477,500
SConcrete 1,113,500

Structural Steel 424,800

Buildings 487,900

Equipment 17,053,000
Piping 1,642,000

S "Electrical 2,931,000

Instrumentation 778,000

• Painting 163,000

Insulation 1,191,000
Miscellaneous Steel 343,000
Completion Items 353,000

F- Freight 501,000 PA3

Sales Tax 835,000

Engineering 1,620,000

Contractor's Overhead and Profit 5,750,000

Contingency 3,336,300

Total Cost S39,000,O000
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TABLE 3. EGLIN AIR FORCE BASE, BIOMASS POWER PLANT
15-14EGAWATT CASE.

CONSTRUCTION COST ESTIMATE

I tern Cost

-~Site Work $ 477,500

Concrete 1,033,600

Structural Steel 375,900
Buildings 450,000

Equipmient 14,468,900

*Piping 1,453,200

Electrical 1,905,900

Instrumentation 778,800
Painting 140,006

Insulation 1,053,900

Miscellaneous Steel 320,100
Comnpletion Items 320,5000

-:Freight 412,500

Sales Tax 687,600

Engineering 1,373,500

Contractor's Overhead and Profit 4,750,000

Contingency 2,998,100

Total Cost $33,000,000
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C. ESTIMATED COSTS TO CO PLETE

1. Third-Party Developer

To realistically analyze the costs associated with a turnkey contract

to complete one of these plants as proposed, a Third-Party Developer must
examine several other dynamic conditions, including cost of borrowed funds,

equity required, preoperational expenses, spare parts inventory, fuel inventory,

and working capital needed to bring the plant to where it can perpetuate its

"-• existence through production revenue generated.

Tables 4 and 5 summarize the flow of funds over the time required to

bring each of these plants from concept to a working reality. In each example,

a sources and uses of funds analysis demonstrates that the capital cost of the

plant is expended through a construction schedule assumed to be 24 months'

long. This timeframe is deemed adequate to allow the contractor to construct

and start up the facility, which when accepted, would be turned over to the

plant operator.

The following general assumptions were made in preparing each of the

third-party owned sources and uses calculations:

e Constructinn begins July 1, 1985 and is complete June 31, 1987.

0 Approximately 35 percent of the all-in cost of the development

is provided by equity from the developer or a joint venture

formed specifically to own the facility. Those funds are

injected pro rata with loan funds during the 24 month

construction period.

* The capital cost (EPC) is roughly equal to the construction cost

estimates on the previous pages.

* The cost of borrowed funds is 13 percent per annum, plus

standard loan funding charges, and legal expenses associated

with the financing of similar projects.

"24



. Wood-handling equipment, maintenance vehicles and a spare parts
"inventory are purchased during the last several months of the

construction phase.

- An inventory of wood fuel is built up over a 6-month period

prior to completion, allowing enough fuel for test firing of the

facility during the startup phase.

* A working capital line is established to maintain the economic

viability of the plant.

0 Expenses of the developer and the plant operator are reimbursed

or paid as they occur during the construction and startup

phases. These costs also include interconnection facilities --

tying the proposed plant to Eglin's existing systems.

. The general contractor is subject to a 7.50-percent retention

against work performed under the construction contract, until

the job is complete. "
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2. Government as Developer

The preceding assumptions were applied to Table 6 and 7, summarizing

the flow of funds over time for the construction of the same two facilities,

except for financing, and costs associated with leveraging the plants. The

-esult, of course is a lower all-in cost of building each proposed facility,

assuming that a MILCON-funded project has no cost-of-funds or tax benefits to
recognize.

•LL

ot

P°'. 
F-e.

- ...28

--- - . . . . . . ..-



•.c-0 ee........

*.•• • : - -0. . ... - I• • I "'I II
La.-

w cm
V).l I3

V) LLI

399

LUS

-1 1 -

. ....... .o.fd 1 .1 .

k I ~ ~29



Ci I
c 2

I.- =:.CC C . **. - av

co 3i

Lai

33
Icop

-'Cs



R , 3. Financial Forecasts

The financial forecasts which follow this section demonstrate by year

"the anticipated operating performance of each proposed plant under the "Third-

Party-Developer" and "MILCON-as-Developer" scenarios. These estimates of the

most probable operating results and corresponding distributions of benefits

have been formulated, using assumptions described below which we believe to be

significant in determining the reliability of the forecasting model. There is

no assurance that the assumptions will prove to be completely accurate or that

plant operations will not be affected by subsequent unanticipated events or

circumstances.

Each set of third-party forecasts contains operating statements and

balance sheets which give a detailed accounting of the relationships between

the Tax and Book methods of tracking plant performance. MILCON-owned scenarios

contain only book basis forecasts due to their tax-exempt nature. Unless

otherwise noted below, an inflation factor of 6 percent pertains to all related

costs of operation.

The following assumntinn• _:-:

a. Cost of Electricity

All electricity generated would be purchased by Eglin Air Force

Base. The Energy Payments shown in the forecast were derived as a variable,

which escalates over time, allowing the "Third-Party Developer* to recover

costs, repay the debt incurred and yield approximately 30 percent on the

original equity investment after 15 years of operation. This is a common

requirenent in the industry based on the risks associated with development and

construction of facilities such as those proposed.

b. Cost of Fuel

Each facility is assumed to be capable of operating at an

average of 88 percent of its rated design capacity, roughly the equivalent of

-. "7,700 hours per year. Assuming an average moisture content of the available
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"fuel to be 47 percent, the annual fuel consumption for the plants would be
N. roughly 319,000 tons and 191,000 tons for the 2 5-MWe and 15-MWe plants,

respectively. Using the wood fuel costs of $15.00 per ton in 1984 dollars,

escalated at 6 percent per annum, the annual usage for each plant would be $5.7

million and $3.4 million respectively, in 1987.

c. Operating Labor

•. The basis for properly manning these proposed biomass-fueled

power plants was developed by consulting with companies which operate similar
- • facilities.

•.~ ... The composition of the labor force as proposed is as follows:

Position 15-MWe Plant 2 5-MWe Plant

Plant Manager 1 1
Production Supervisor 1 1
"Plant Engineer 1 1

Plant Operators 8 10

Wood-yard Operators 4 6
Maintenance Mechanics 3 4

Plant Clerk 1 I

Total Required 19 24

Average annual salaries, including benefits, overtime, and an

operating iranagemizent fee have been included in these cost estimates.

d. Repairs and Maintenance Costs

The normal manner of determining maintenance costs for f
facilities such as are considered in the -eport, is on the basis of the number

Sof kilowatt hours produced. This method covers the costs of materials and
labor required to keep the plant in service, including routine and unscheduled

maintenance and required periodic overhauls of the plant equipment. The cost

32
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used herein is four mils per kilowatt hour, at the 2 5-MWe plant, and 4.6 mils

at the 15-MW plant, based on experience at similar facilities. Using these

values, the annual maintenance cost for the 25-MWe plant producing 193 megawatt

hours would be $773,000 per year, and in the case of 15-MWe plant producing 116

megawatt hours per year, the maintenance costs would be $530,000 per year.

Both of these figures are based on 1985 dollars and escalate at the rate of 6

percent per year.

e. Insurance

Each of the proposed operatiors will be subject to hazards, some

of which may result in personal injury or property damage. The forecasts
provide for "all-risk" insurance on each facility, employer's liability

insurance, comprehensive general liability insurance, flood and earthquake

insurance, boiler and turbine generator breakdown insurance, and business

interruption insurance. Annual premiums for this coverage are estimated to be .-14;
$200,000 for each plant, escalated from 1985 dollars.

f. Working Capital

It is assumed that each plant will require working capital to

hanaie vai, ;at..; .. . Iventories, unscheduled maintenance outages and the

collection of receivables. The financial forecasts for the Third-Party

Developer assume that a $1 million line of credit will be available during the
final stages of construction, and gradually diminish in usage over the first

7 years of plant operation. The cost of these funds has been estimated 13

percent per annum,.

The number of production days receivable outstanding from the

sale oF electric power is estimated to be 30 days.

Accounts Payable are estimated to be approximately 1 month's

cost associated with the following:
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Fuel Supply Fluid Bed Material

' -• Utilities & Ash Disposal Insurance

Repairs & Maintenance General & Administration

EXpenses
S•..

Operations & Maintenance Labor
J-.

g. Inventory

:2 •. Wood fuel inventory assumed to be on hand once commercial

"operations are underway is estimated to be equivalent of approximately a 70-day

supply.

Sh. Significant Tax Assumptions

The Third-Party Developer scenarios which follow include the

latest federal and state income tax benefits as they relate to Qualified

Progress Expenditures, Investment and Energy Tax Credits which are assumed to

. Qk *.-remain available as currently allowed by generally accepted accounting

standards. No provision has been made within those forecasts to account for

- potential changes to existing federal tax rules. The percentage of the

._ facility that is actually completed during a taxable year must be determined on

- the basis of actual experience in the construction of the facility. and 6uch

experience may vary materially from the estimates upon which the forecasts are

- -based. The MILCON-funded scenarios, of course. carry no tax burden or debt

S :-' assumptions.

i. Financing

"On the Third-Party Developer forecasts, debt of approximately 65

- percent of all-in costs was assumed, which is repaid over a 15-year period

beginning 5 months after completion of the facility. This schedule of

- ' repayment is considered to be relatively aggressive under normal circumstances,

but considering the strength of the proposed electric power purchaser, these
Post favorable terms should be available to the developer.
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=A 9 - 3,E 49V"X .M mZ3 4_3 T.2 tm S4 I~uZI71R.3S126 .I S.% ILt

S I.w ".2 c c 9 6 0 0 0 & 9 3 a S

ýcl srj MU 1-(<fl : .- a 't.9-2 4.=19 4..97 4.112 4.313 7.2 715 811 1.z..3 1.m1 Lim 1.161 Lem I.8 .111

'cl ZA9.flfl S-.zu lflfl r"fn 1"X. -. ' -4------------.-------S1072111a-----slmslIt

Xc3171 ;4-E or7 W701 183 ^_nZ 1 26 241 27 11% 27 74 3 M% 29 T.1 29 US 2953= 295173 20 70 298671 2911r

- C a531 U -1.=.2 -7.2z., -6.m5 -3.6n -q_.* '.' 3.6n1 3.%'t 49.14t 4.U4 43p S.199 '59 175 S 1r WI 6.743
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TABLE 11. PROJECTED STATEMENT OF OPERATIONS -GAAP BASIS.
'~ THIRD-PARTY DEVELOPER, 25-MEGAWATT CASE.

199 1091 1M 1990 1999 19r. 19", 1992 199 19M 195 1994 119 1999 19q 2W0 2901

099~T 7~47CT 0 a 16.574 S13.251 1U*131 917.184 $13.244 119.21.5 49.53U 121.M7 127*56U 923994 sa.3U9 12.7ft la.137 12.993 13s.1

T.-; ZEZES a 0 &.574 1S.Z 1&.,3g 17.104 13.24 19.29 ;%.53a 21.7n3 2.5u1 m3*93 29*94 2S.721 32V.9 29.5 36.12?

1-4- 3 3 *21 smi 2= A. 6.40 6.79 7.1%3 7.427 3.934 5.36T 9.095 TAM 16.2"1 1.1 1~ 12.101 12.935UIZ
3 2 70 74 79 95 U 94 19 195 112 11.8 1m 2 141 1491

u71ur71 ýw A24 oIlsxs 9 0 Be 1"1 197 293 221 234 24 213 279 29H 33 35 373 391
a40~~ 3 714 1.314 1.404 1.21 .1.03 1.911 ?. WA 2.147 2.276 2.413 2. 2.711 2.933 3.9% 3.229

-ER Ac 0AN-m m 921 977 1*031 1.M9 1.163 1.23 1.307 1.385 1.493 1.557 1.636 t.741 1.354 1.963

ODQ=At3p 00 3 U i2 .Z 1.243 124 124 1.243 1.2 43 12(3 1.26 1.2(3 1.2(3 t .243 '24 1-293 1-203 1.23

mcl 40 S301 3-osmr a a 3 :27 1IQ Ic1 182 173 159 1M 142 172 IR 1" m9 217 236

X p.ThC-.3 $ 25 5; 5w 50 34 50 30 39 58 59 50 S 50 30 30

I z=0 0 11 9 2t n 20 29 29 29 29 20 29 20 29 as 26 22

M.TaL WDTc C 2'1.9 01 .U 1.4 211 120 1.? 14.9e 3 j' fl :6.427 17.511 18.3ft i;.=i 29.1

rme 'uL~LS a9x3 3 0 1.1(3 4.954 SJ18 53.11 &.Ile 6.U4 7.M3 7.6R2 7.633 S1.2 0.72? 9.20 9.117 10.34 19.40

1731 LO 3 0 11.93W 3.W79 3.--3 3.63-1 3.524 3,372 3.1al 2.9"1 2,72 2.4e1 2.091 1.715 1.30 79 214

9 73 149 134 116 91 73 a7 %a 3 0 0 2 a 0

7JL2x.. ~ 0 Z&1 .10 3."7 3.3r- 3.7%a 3.&a3 3.4w- 3=21 2.%13 2.-,2 2.4e. 2.191 1.7=5 1.230 791 214

xZE-A :'czK1=s a S-30-9 08L 11.3=3 1-;n 92.W2 53.=19 s3.0(3 s4.19 1g.0.1 "5.in 66.43a 1V52616.394 99.=5 S99214

3 3~ 9 %Am3 0436 145 39 *'.Ml1 $1.529, 9121 12.=1 in2.4U1 2.890 321 3.316 3J $4.012 $4.7-3 54.193

M~rxE- 3Qý 3 -is* m 43u 929 :1-159 1.!29 2.3:3 2.41. 2.039 3.231 3.743 4..92 4."* 4.6a

- - ~ ~ xvaI 1,C(:Z01 3 S-319 1871 t1.310 SI.37 1232 13.=V1 93.3-M 04.119 04*.02 13.SU 44.131 97.3a28.90314 9 921

- - - - - - -- a S9
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TABLE 12. PROJECTED BAOLANCEI SHEETS. TIRD~-PRTu~Y DEVELOPER,25-MEGAWATT CASE.

m 19 9 M 1999 199 199 1M9 192 19M M94 195 196 '1997 199 129 2M0 2=11

CASH 0 0 1270 27 M 2e S= 1 %2 02M1 09 9 22 0 027 021 02ao $2: 0 s Sao0 020 00 021
a)gT7 X-14AaE 0 1 .272 1.43 :202 1.671 1.774 '.S74 I."?7 2.117 2.193 2.32 2.45 2.A:4 2.740 2."07 2.929

-. I~~110 Ax4 1.21 1.773 1.=3 1.430 1.514 1.607 1.7?4 1*0 .fti 914 2.029 2.151 2.290 2.417 2.5e2 2.713

TM 17 =M. ssets 0 401 2.677 2.950 3.118 3.321 3.492. 3.6M9 3.M7 4.123 4.307 4.551 4.816 5.w0 5.357 S.04? 5.844

P447 me 17.=7YVm &.31S 33.Mt 431159 43.5-9 41.319 43.519 43.!'9 41.519 43.319 431.17 415U9 4G.249 43.519 43.3-19 431319 431519 41.519
ACM9LA17 Z7NMAtI.I2 0 a -4m -1.w4 -3.109 -4.M32 -3.593 -S.109 -6.cm -9.31m -1c.549 -11.812 -13.016 -194299 -15.54 -16.780 -13.429

WJO PW 9 £2J5.0( 0.815 M5.24 4?297 42.654 40.411- 39.'67 37.924 36.5W0 35.43 34.194 32.75.0 31.73 30.443 29.221 27.9n, 26.7M a0.49

towicT= 1-cWT_ OW7 1.00 150 13 1.4 .15 131 .1.3.73 1.17 1.M2 1.3n5 I.=2 m7 gm MS an
30 092v27 2 230 2M3 190 I7S M5 131 11e 90 710 50 39 10

10774. 07107 0.e13 o33.43 S .273Q SfA.31 s4.154 SM9.= %Q9 Sn.4.M7 S49 Q910 oI.442 IN.-M oso.3A 15w~41,o3.0 3

Aj47S 74¶&Q.E 1 3 014 0"51 004? 07:0 S54 070 saQ IM9 0;U910u.3011.0623 SI.27 S1.194 S1.200 61.3Q1
3oa~ Z514 Um3 I.1 V-7 r.4 &V C9 2994 3 3 0 a0 0 a

7131 Lawo-z~a Q 6& 3 4 a79 I.=7 :273. -1.503 1.22 2.=t1 2.3M4 2.7M33 .:B 3.1-7 4.:5' 4 W7 3

Z37M. Cx9007 LiAgnL.707 0 0 1.79 Z.--2 2.5M 2.599 2.07 2.5-11 2.9M 2,9M4 3.,d" 3.M3 4.189 4.6"4 3.24 53-IM 1.3e1

1031 13io-.OC~~~~~~~~07 7' .70 23.131 Z9.69% 2S.52- 76 1531.0 07 104 1. 17 u u475 11620 8. 4.=-, 0 0 ~

'.- ;;7-.A~ ZETELOPR 1.44Z 0.a17 7.924 -7.S 7,199 7.~Q& 7.4a2 7.6:2 7.927 9.,C7 8.5e1 9.4M1 10.2"4 11.22 1M.4 13.907 15.399
- ~ ~ ~ cvK A. .7 y7 7474 017.41 0.217 7.n24 7.iae 7.*9 7.121 7.462 7.4019 797 04 .4 .1 024 1.7 20 13.9C. 13.399

73741 EL.17Y 2.09r 12.434 I3.049 13.315 14.498 14.101 14.7224 !5.r.9 13.=2 16.115 17.010 19.9C, 20.53V 222. 24.353 2T.M3 30.7M7

- ~ ~ .......:715= vo m*Tr 00.4_1M 3.462 097,342 S40.315 W.:214 432 04.29 4.- S-99.im 19.-9T! 03e.;2 037.3q3 n53"~4 03279 03A.159 00.Mr 03.I:9
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•! i ~~~~~~TABLE 13.DEEOPRUTILITY AVOIDED 5MGWTCOST SCHEDULE.cAE THIRD-PARTY

•'M MeP 1"W9 19" 199, 1"2• 1953 M59 IM/' Iffy} 1•' 9"1 2w• an L

um Aw= COST 689 7" 99 .A 90I0 9.5 21•.1c Mr7'. 21.40 1: mL 2 WL n] a MW{• .L6 .,•, I•.J }•

NOTE: COST OF ENERGY TO EGLIN AFB; TO 1MAKE "THIRL-PARTY OPERATION FEASIBLE

FOR A 25 MWePLAWT.
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TABLE 14. PROJECTED STATEMENT OF OPERATIONS -TAX BASIS.
THIRD-PARTY DEVELOPER, 15-MEGAWATT CASE.

INS "6 1197. 199e :93 *9."11 1902 1993 .174 195 1996 197 1938 1999 2=0 2m0

a S .7 :I.131 92.-54 S~2.341 113.214 a: :~36s.313 S1:295 CUA.773 st7.769 '13a45 619.923 l.921 %2.238 1;2.196

* S ~ a 4.279 1110 1.25 2.M1 :3.63-1 -4.4U 11.371 26.29 1S.T77 .7.7-6a 13.865 19.93 22.9w 22.219 22.1-4

- ~ ~ I A=Z&%'~73 a 3 33 7 749 79 a33 0C 9 1L 2 1 22 13 ~ 1

-xz ac WN oV2wa 5 9 431 2&9 .. 72 7%6 919 orl 938 I.= 1.366 1.1" 1.!97 1.2&v 1.30
OEE- ~ J p1*7 o21 .7 a 2 61 12 122 92_ 2 72 fi1 51 111 si 51 m2 51 51 al
DEM*3 P*2OM NOPM. 0 0 4.7& 6213 15-% 64.5 6.59' a a a 9 0 0 0 0 a I

McjLa A2371.ws*lr t 3 m 222 13 12 IT, 161 I10 m4 U1 12 172 132 192 2: 217
m M 22 Ba 4 31 9 322 C22c

-- 57 19 M3 3 :a 3 1 3 2110

- 2I;W 3E a 10 22 22 20 2a a2 22 22 n1 20 2 a a2 a2 a:
I a: T is 30 3: 30 21 31 31 30 30 31 IS 3 0 0

=8&L yE.0-546- EVE2% 15 133 -..Sr, 133U4 :3.4" 13791 14222 71.32 86 899 9.21 97.&1 13.321 11.9a6 %1.377 2.Z07 22.99

Mm UPD13 . - -7. -- C3 -3.772 -1.174 -1.2=. -024 S~ .=0 I.=2 7.9s.4 .107 3_-39 9.1-A 9.360 9.9w 919

iz '1-.@- - .W. 3. . 3-:= 2.7:2 2.=2 2.=1 2.3-9 1293 1.336 sm7 2217~ 9
2 ~ ~ ~ -2 9 '. 1. ' 3 47 :0 3 2 2 2 *

=- _-As -G7Xc736 ".73 1.Za 1.m9 3 3 a 2 z 4 a I

=-A 3r47:.3 WOE5 %-72 1 4 3.=1 2372 3.3-1 3,21! 3.13a Z.-2 2.' 7 2,33 2' .m %7 :- 7

- .~~~~~ -192~~~.% -1.37 -4.383 -5.2b1 -9.72 -'.171 -3.s7 .2 .31.1ý391 .3 711 32 .6 .7

DIAS ==X1 -79aa-32-0 -79 -7 -6 -1 - -7 -9 -17 -123 __9 -24

- *f: vJ7s1a.1 3 2 W: 2 23 2! 23 Z7 3: _u 3s 26 79 *2 2

- ~ * :~uoi. 1~~3 - '1-20 7. 9-1:34s t-'.:Q ".Z= S-3. -5 le.17 14276l lz W1 11-1:22 t166. 17 ZM 13.1." 19123 "';Z.3

4.-
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.'~ TABLE 15. PROJECTED STATEMENT OF CASH FLOW. THIRD-PARTY
DEVELOPER, 154fIEGAWATT CASE.

xim IM5 137 14 1"9 IW?1W 132 1) 1"1 135 1994 IT" 119 99 2mS am

141am.! I(lL') a-I?) S-1.3Z V;7.=1 S-3.334 "-.TV 1-4.2I a-)*5 £3.C3 s4X24 54.9Q2 13.2 S%=3 S7.44 a 4 0.515 91 5.
avxrLrv 0 3 'I-3 m &73 6..Q &.m3 6. 1m 2 U1 3 51 51 w1 w1 u1 3 1

113 w100 in 1.3n 1.30 3 3 1 a a 5 9
.;...~ :z~ ~- ~ a ~ 4 44 - - 55 -5 3-4 7 - 74 -11 -W -a

C14 aw3 115n awI-A1336 3 3 -W6 1.S97 2.140 2.&U3 3.M± 3.44? 4-MV 3.=1 3.2a S.M 6.CI6 ?.44 SJU 9.14 B.,w

- MuCYu. woc~or ma~ um 3 l 0 -e -l -7m -W -1.093 -1.3W 1.3 -1.749 -Z2 -2,w9 -2^49 -3.=5 -3.494 -3.35X-
S 31 -in -in -144 -l" -ug -m -Z4" a a a S a S

109 13 MCZ= =c p% 5 -W4 Z.:"1 1.4W I.7. 2.33 2.3M 2.74- 3.1±U 3.C? 3.K44 4.317 4.7U1 SAW5 3*473 SAWi

ftC~ -§'- C 73 2" 73 1 2 239 2m as 15w 2fW an am 2m 20 am a
aco Do3 I.m a 3 a 1 4 3 1 6

~ 371733735 § ~s .3"4 t.6C '.9C 2.20 2.M3 Z.*" 3.354 3.0v 4.W1 .1 91 3.9 339 3,

C30E XWSC2 0 §-m -3W --.Z4 -573 -1*U= -1,.M3- -1.55-1.7 -1.93 -2.139 -2.=9 2.517 -2.03

13a.~4 3~3T363 9 -4"6 -1.:0 -1.4C -x.M4 -2.= -2.393 -2.7" -3.=±4 -3.% 554 -4.M7 -4.1-- -3.=53 -3.067 -I.Am

am-2-..ý.- a.3 §30 13 13713 10 I 12 1 44 in 1-4 1.M 1"4 234 2.141 2-N 25% 2.C7
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* TABLE 16. PROJECTED TAXABLE INCOME (LOSS), DISTRIBUTION
OF AVAILABLE CASH AND ALOOCATIONS OF INCOME
TAX BENEFITS (REQUIREMENTS) TO EQUITY PARTNERS.
THIRD-PARTY DEVELOPER, 15-MEGAWATr CASE.

-. . . . .-- :s :l -3.0" M~ is: _&be 2.vt 3.2m 3.-m C4zc g*"W 5.4" a~ 7.9 I.63 7.

I's Vi - -: -e -2 -Ai

*-Cw -muA3as vr- 'f5s -:7 :. -.. $c -1.1m4 -9.=- (.~-.7 3.m~ 3.9% 4.4 S.f: 34 1.'.73 &.PP- , 5~ .2

-_ Sir -C!P SZ._- C-- ------- :ý---L ý. -2- --. V *-4r S- -

W ODU-i ME w: " m 2. 30 _i: _"-& -2

- :3&,- ~~ , : *.-.L3 z2t6 2_1% 2.7" -. : 'G~ .a!:7 5.Q !.

mzl- TAX- - - - - - - - - - - - - - - - - - - - - -

* =J7T 'G S9F- i.*.g *. *3: &4 12m %?.a S:m 3.*Q 0120% Sv_3 £2w %in2 %a" Ste 2,1 e.= S%*1c £:- 1
:A-, Dr2v I z z c

Ki AM.- :=: MUM 2.& -3-2 3.0;' :2,2. 3.SQ 3.F4 1-3 &S' 99. L 0-M Z7. 1 :Aq2 q

41 :AS. In,,. m..,m %3.&.. tv.5flw rn... S1.0 a..... ..... , SnM. MA tc-C. swm. n n l

= "24iL ( :73z :1 :E:za 22 ZC: V~ :6 -- 24 :r 2- 2 I 4-51 3r 3 *Z 3: 5C: X.2 3 4:
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TABL 17 PRJCE STTMN OF OPERATIONS&. .A BASIS.

THIRD-PARTY~~~~i DEEOE,1-MGWT AE

Lm i 9 m 1si V " " M 1511 M 1sIp m 2

3p*1d C DWC o 1 4 1976 146 115 1,9M 1.132 %.SM 1.413 1!.M 1995 ;1990 1997 14= 19996 z,4 2331

26;= c? 467C E-xv 1 0 5457 111 = 1.5 Go 16 r-13.5 714. 91537 495 916.. 17.7= 1.366 1.1r.5 1.197 0218 '23.%C

Mc Ac 4.7 11.561la 134 1.0 369 !20 15a7 1629 1671 1in 7 U 336 V2 93 la .93 2z.1 2.1'

GMIE0 f 1:61 225 23.5 a217 am32 at16 3.61 3.o me0 3wu 30 Ae i4v 4

MEn MOT3 CZ a 23 70 74 79 34 34 9w w9 :zS 12 13 1 139 14 1

LOW FM 5 a~ 8 38 1 a97 233 25 23 24 21 s s as 21926 333 323 39

-. X *E=-- 0 3.4 7.a7 -.VP i.n a.37 3.r.2 I.Z3 4.713- -0-M 3.7P 1.345 2.W6 :2.a2 13 .3M e

VCm MI Su ~31TE 06 a 72.W .31 9 32e1 3946.112 6_%g 94f &.51f 13467 1.1W9 S.38 1.M69 8,44

3 3 W.S 13-1 1336 131V 1.16 2.9= 2.7W6 2.3A 21.33 1.33 I.= 1.33 1.1%7 1.e 1236

S8 3 73 .29 134 1*4 17 131 :1 1s a5 94 17 13 19 21 a1

-Z7--c 0- 166 e 2.4 42 38T' 3. 3.-6 2.9 3.31 319M 342 -l.I Cde a

z5 a41 3~ 1 S 0 45 33 4.e 4.m M .4 542- 6.13 6.W0 2.2" 2.4" 2.30 3-Z- 63--f 3.16 3.14A

8's SM 73.: 12.5- 1% 6 3 -V-- 13.- sx-9 $43 S~l 3.ý $7-. 0 S?ý. 2

-. .1:~..72~7 ~ 0 170 342 3u. 3~ 3.36 245 .9 .3 '':i A .



TABLE 18. PROJECTED BALANCE SHEETS. THIRD-PARTY
DEVELOPER, 15-MEGAWATT CASE.

Im 1%46 lyr 13 193" m99 1"91 1"2 193 19A 1S9 1991 1997 IV" 9 2M0 2611

wj2 -a 0 -.93 1.1a1 1.172 12.1 x*m I.*wA 1.4m 1.3N4 1.031 1.727 1.034 1337 2.131 2.%139 2j13
-c TV 0 2 7r. im7 a" in1 97 11 1.= 9 1.03 X1 l.ZB 1.32 1.30 X.413 %=C3 1.&03

=TA CS3~ 1317 as 2 AM !720 2.191 2.1V? 2.316 2.4's 2X.&7 2.725 2.97? 2.991 3.=3 3.336 3.511 3.493 3.913 4.=0

so 12I33, a.0 r1.. 37.M1 -n.M1 37.=1 37.135 37.=1 37.133 37.115 37.=7 37.=1 37.M 37.113 37.= 37.c13 37.=1 37.=1
acmyzx17 Xxmn711 a -329 -'.W67 -2.&C3 -3.774 -4.752 -5.9Z: -4.373 -7.93' -S.94 -:%=33 -:1.11 -12.169 -15.2= -l14w -13.3a3

m1 ar :0724c IU ~ 6.4=2 Z.40 36.51 33.4 34.39I 33.32 3.273 31.=1 30.15 29.299 22.%C 26.9M3 23.7a3 Z4.94 23.m9 ze.15 21.&V_

- I.0 .1 .03 1.40 1.=1 1.35 1.M1 IM I13= 1.=1 X1.27 1.1M v23 9m m1 6 27
3W~ 3 ~36 3r1 290 273 M3 2A 213 193 17 3 133 M3 Its 90 9 73 38 3

~~4.- 2321M 7.-21 Sr.-s 'V.' 'u.Z* =_3 ZU2-A '13.2±1 34.2M SMi.= 12,= 13.27 13.3M lU.23M SM.31u %U1.=± 1

*c_. Zc=47 3 Z : s03 SM 1136 403 9=.2 s341 132 s467 SM1 SM SM2 5746 m62 a"1

3 5 3 93 12 927 .2 1..341 t.1 .7 2.2 2.219 2.19 3.:;3 3.13' 3.W

Cs. L42.1!71 2 9 1,1A. 2.132 2.147 2.!57 2.M* 231 2-3-A 2.34 2.129 3.=2 3.371 3.753 4.22 4.3M2 me1

=P _-*-0%A. S .73 23.=3 M3.&= 24.SZ0 23.9#4 22."1 21.S24 25.471 13.97.3217.11 15.M0 :2.7a 1I.R12 a.99 3.32 3 3

T4 : f~& 1X77 1239 5.2r7 1.26 4.V&1 1.115 fi.3.0 6.=47 S.27 6.4M 6.92 7.= 7.7.3 1.239 1-343 13=7 U461 2.39
-~ ~ 12 ~S3712 ±3.1 122' 3X27 4--A 6921s 4."-- 6.2. 43 4.13' 4.43 6.9Q 7ý211 7.r.3 S.0.9 9.333 1I.773 11.5. 12.U09

- 92.17? ~~~~2.---3 :3± 2.7n3 12.=3 :2.2: :2.W 2.=2 :2.0.= %2.946 13-.2±' 14.=a 151 I&T9 13.21 2n.11 323 1.
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TABLE 19. UTILITY AVOIDED COST SCHEDULE. THIRD-PARTY
DEVELOPER, 15-MEGAWATT CASE.

•q.• NOTE: COST OF ENERGY TO EGLIN AFB TO MAKE "THIRD-PARTY" OPERATION
:---" FE:ASIBLE FO A~n Ir-MW- PLANT.
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LN

®r4 z

2". m IM 1"3IrA m Im 1"T17% 9" 2 ?K

oc_-la~m".ým33.110 S qn

111ma ý 3 i"6 1 1.1 I'll 1991 1.91 1. -2.199 214a4 2X61 199 199 2,w 23 2

- ~ . ~E3 3 4.64 331 9.99 l~19 3.63 I.~ 11,M5 I266 _W. 1.40 I3.= 15.11 1.10 IX.41 1-190

WC. ac. 3r ! .3 "34 2 m. im 7.9 .2 31 5992 .a q1.21 ue 91 M 1. 12.1 212.

2-ALW S a763 1s.11 1*614 U15539 1.33a 12.31 23.01 13.7B 24.73 2.3X 26.12272.711 17.W 32.974 3I.S4

LIS IMM 3f W r 97 1.m3 1.19? 1.13" 1231. 1.307 1.- .4 .1..~ lI.G 1.14 -1.%21

*~~~~an Epels14:. .1 .7 .3 .2 1171171.2 .2 .1?117112 . .2

- - - Mr. 1-112 1-1.Iv 5-121 1-1.1911-1.2411. 1-. -1.27 5zn 4 $-1.=1 9-1.049 1-1.Cc4 1-1.133 0-1.0a3 1-1.34n s-I.M

2970 -1.15; -1.:66 -1.-.9- -1.16 1.7 1.7 -. -1.=1 -1.z45 -I.m4 -1.1 on %113 -. 1
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a Al .9 'M1.W 140.Ui 2.4 .34 IM&2. .9 2I 2m z4 .e i

=AL AM SSMS2.M2.042.V 2.49 2= 2.% 21U .CW .M93.423.67 3.K 4264 .304.3

MAG XV:- 7.u2.5 1- m1 - fs .%C5 .I . "-."A. UM4,

1 ~ ~ ~ ~ ~ ~~7 14 4 1 9911919 6219319 651 1.1M 1.4" I.M 1.9 1.3

T.mTI =X a 0 M9 612 692 879 7mW aso9 i lxf %.1i I* . 1 154 ' 1761

MWOKM 261) TZ r.. -2.4n --- 2.13 1392.169 38.=2 26.M 33.= 3.12 33.219 3.92 361.0 3114 4144 1.45 47.55

4.P Mal T.' 3!i Q..9 AM.31 4C.4 3.1--- 3.=3 361n 3.77' ~311.2 -3.-.61 X1121 M.01 -30.0 -14U9 -1A.N -172

=.ALLQ= AM M717S.116A I=1.=3 10a.=5 Ml4 SAO 2 21.743 W3.7V 136.-A 6 .533.4 $3~2U 6M. 69.75~W IMrRS.-M GA 13.190
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TABLE 22. UTILITY AVOIDED COST SCHEDULE. MILCON-DEVELOPER,
- 25-MEGAWATT CASE.

m =CT 4.33 4.4c 4t.9 3.- .Z !; 6. al $0 7.93 -14 7. 93i 3.7V 5 9-C 9.17
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DC= ;4mq0 aQ= z.j .6 .W s~c %.4 7V o3 mM "3 t9 1.m9110110 25

'a iuS0 a 2 .6 . ~i .o 74 .r ., ow .3 .W 1.5 11 11 .
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r.7, TABLE 24. PROJECTED BALANCE SHEETS. MILCON-DEVELOPER,
*~ -~15-MEGAWATT CASE.

~3i~1aE0 a 192 m4 49 &V 6v7 7a 714 912 8. 913 ?is 1.0a8 1.46 1.15 1.2m

Ivio4m? 0 cc 12 17 17 348 11 V 91M 1.01 1.M9 1.1"9 1.2M 1.3R 1.3K 1.43 1.151 1.44a

T-s. =M ASSETS a AM0 1.2:9 1.350 1.426 1.U13 1.=1 1.499 1.19 2.9M8 2.C02 2.141 2.27n 2.418 2.11 2.723 2.845

-. . ~ ~ ~ X W 13270c 84A 26.&C7 5.552 53.S35Z50 3358 53.= 5333W 33.58 35.5W 35.5M0 33.5W0 M 55W 35.5W 35.3W8 35.53W 35.3m5 535
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TABLE 25. UTILITY AVOIDED COST SCHEDULE. MILCON-DEVELOPER,
25-MEGAWATT CASE.
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4. Current and Forecasted Gulf Power Costs

The economic impact of implementing any of the previously detailed

operating forecasts must be reviewed as compared to the existing power purchase

Smechanism now in place for Eglin Air Force Base. Tables 26 and 27 present

the cumulative result of detailed computer modeling analysis of the electric

bills from both the Valparaiso and Westgate substations from January 1983

through July 1984. Calendar Year 1984 average electricity and capacity

requirements for the entire base were derived from that source.

As the average energy and demand requirements of Eglin Air Force Base are

reduced by the addition of a 15-MWe or 2 5 -MWe source, the cost of service from

Gulf Power is reduced, although this relationship is not directly proportional,

due to the independent reaction of energy costs versus demand costs. Tables 28

- through 31 present the detailed electric fuel analysis is a derivation of

future costs and their escalation over time, assuming a 15- or 25-MW plant

becomes available to the power grid in mid-1987.

Assumptions used in this program are listed on the top of the first page L-

of each case, as well as annual escalation rates for each of those variables.

Escalation rates were derived from a variety of industry sources and are

considered estimates, rather than forecasts.

5. Summa-y

Economic analyses were run on two plant sizes; both were base-loaded so as

to be able to be operated at maximum efficiency. The smaller plant, at

approximately 15 -MWe, was sized to accommodate the needs of the main base while
the larger, at approximately 25-MW , is sized to accommodate the needs of the

e
entire base. Both were also sized so as not to trigger a higher rate from Gulf

Power for peak needs.
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TABLE 27. 1985 ESCALATED COST CALCULATION WITHOUT BIOMASS
ECONOMY.
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The analyses were run for both third-party-funded projects and for

MILCON-financed projects. Under the third-party options, the plant would be
< - designed, constructed, owned, and operated by a private corporation. Under

this option, the United States Air Force would be required to provide the land

for the plant and would be billed for its electrical consumption at the

established rates. A long-term. power sales contract would be negotiated
between the United States Air Force and the private corporation. Under the
MILCON-funded operation, the United States Air Force would, of course, fund the

Sr"design, construction and the ongoing operation ,f the plant. In the analyses
for this option, all operating costs were included, and the punr rate was

adjusted to cover the operating costs.

All of the preceding estimates and forecasts are summarized and compared

in Tables 32 and 33 to help determine the most appropriate route in addressing

the issue of the cost of electrical reliability in a national emergency.

-" •Option 1 on Table 32 assumes no change in the existing source, and the

estimated cost of electric power in 1984 is assumed to be the "base case' for
- -. these forecasts. For the years following, certain assumptions were made to

recognize the dynamics of the current economic universe. Those per annum

escalations include a 5-percent increase in the total average kWh consumed by
S..the Base, a 3-percent increase in average peak demand, a 6-percent increase in

average energy costs, and a 2-percent increase in fuel costs.

H Option 2 adds the costs of purchasing 15-MWe of electricity at 7,700
hours/year from the proposed third-party-owned plant to the cost of purchasing

- correspondingly reduced energy and capacity from Gulf Power.

Option 3 is identical to Option 2, except that 2 5-MWe of power is being

supplied by the third-party-owned plant.

Option 4 assumes that MILCON has paid for the construction and startup of
a 15-MWe plant and that electricity is being sold to the Base at "cost."

SPretax operating losses shown on the projected statement of operations are
attributable under generally accepted accounting principles to book
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--.. • depreciation of plant and equi•ent and the continuous acc•ulation and '-•
•" - reduction of receivables and payables, all of which has no effect on the cash•_•

S• break-even position of the proposed operation.

•.. Option 5 is identical to Option 4, except that 25-MWe of power is being •

supplied by the MILCON-o•ed plant. •..•

• It is obvious fr• an examination of these •sults that any MILCON "-i•--
" involvement would be most advantageous; however, congressional approval for •

federal funding of such a construction project is a required condition for "•"

considering the viabili• of Options 4 or 5. In addition, no cost-of-funds was •

used in conjunction with the analysis of those options. •-.•

S•en comparing the third-par• scenarios, it is evident that the econ• ics ,• -.
•)• of scale are important in deciding what size plant should be •onside•d. The .•
•.a•.• 25-M•Ie plant can be built to deliver less ex•nsive ener• on a perlk• basis, y

Sand can be operated • a proportionally smaller cre• than the 15 -• e plant.

Another impoYtant consideration is that beyond the repayment period of the te•
debt, a significant savings in the cost of electrici• could be realized

through renegotiation of the p•er purchase contract, as the re• on the .•.
original inves•ent has now bee• realized, and cash flows to the partners will "Z•

-:•Z
have •ecome very significant. "-:•

However, from a purely econ•ic viewpoint, no option considered within the

scope of this report compares with the forecasted cost of electricity now being

delivered • Gulf P•er. This utility is forecasting low fuel escalation over •-•

the foreseeable future, and does not need to increase its capaci• through the

const•ction of •jor new facilities. Our conclusion, therefore, is that

unless there is an overriding reason why Eglin Air Force Base should incur an
estimated additional $5 million per annum in electric costs, the present
electrical interconnection systeBs should rumain unchanged. •..

t. L-•'.
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SECTION V

-A CONCLUSIONS AND RECOMMENDATIONS

A. GENERAL

The data developed in the earlier sections of the report indicate that
"biomass fuel is available in sufficient Quantity and at such prices as to

* permit the operation of an electrical generating plant at Eglin AFB.

B. CONCLUSIONS

Based upon commonly used financial criteria, the construction and
m operation of either a 2 5-MWe or 15-MWe electrical generating plant would not be

in the best interest of the Government. While plants of that size built and
operated with MILCON funding would indeed reduce the electrical energy costs of
the base, the indicated rate of return on the reouired investment would be
difficult to defend on purely economic bases.

* C. RECOMMENDATIONS

It is recommended that no further action should be taken to implement the
Biomass Energy Island concept, unless noneconomic issues such as energy

-. security in a national emergency can justify the capital expenditure.
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COr"MBUSTION CALCULATION
-,

• i'iNPUTS:

FUEL ULTIMATE ANALYSIS:
-. DRY WEIGHT FRACTION

C 0. 52
H2 O.063
N2 0. o01
02 0.405

-S O.0or01

ZiSH 0.01

F '!EL DAT:

MOISTURE COFTENT: 47.00% 0.013 LB H20/LB DRY AIR
FLOW PAT. . LB/hFR: 82772
S EF:CENT f XCESS 071: 20.00%:

-- . CALCULAT]ONS:

FUEL ANALYSIS:
DFRY WT*T. A.F.WT% LBiHR MW MOLES/HR

---------------------------------------------------------------------------
-52. r3'o% 2 7 .56o, 2281 1.96 12

00% 5Z -- 1901.00H H2 6.307% 3.34% 2763.76 2 1381.88
N2 . 10J. 0.05!% 43.87 28 1.5702 4". 50% 21.47%7 17767.01 '2 555.22

S 0.10% 0.05% 43.87 32 .737
ASH 1. 00 0 . 537. 438.69
H20 47.00X 38902.84 18 2161.27

TOTAL 1 00.00. 10. 00%4 82772. 00

C r- ECOMUST 1( N A 19;" (02) REQU I REMENT :
C + 02--: C02 REQUIRES: 1901-00 MOLES 02

H2+1/2 02---H20 REQUIRES: 690.ci4 MOLEq 02
S+02-- S S02 REOUIRES: 1.37 MOLES 02

2 -. C-',Ir.-crn F CEOMu E,,cT1 , n- 1 'STOIC'H) -..• "'

SU-*TRACT 02 IN FUEL: -555.22 MOLES 02

2038.09 MOLES 02

ADD EXCESS 02: 407.62 MOLES 02

TOTAL 02 REQUIRED FROM COMBUSTION AIR: 2445.71 MOLES 02

COMBUSTi014 AIR REQUIRED: 11646.22 MOLES AIR/HR
= 335411.1 LB AIR/HF:
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- 4

•.°.

FLUE GAS / COMBUSTION PRODUCTS
---------------------.

PRODUCTS MW MOLES/HR LB/HR VOL % WT %

C 02 44 1901.00 83643.87 12.43% 19.79%
: H20 18 37 8 5.39 68137.00 24.75% 16.12%

""2407. 13043.76 2.66% 3.09%
- N2 28 9202. 09. 257658.20 60. 157% 60.977.
- S02 64 1.377 87.74 0.01% 0. 0 2%

TOTAL 15297.4 5 422570.56 100.00.% l 00.00%

FLUE GAS AT 350 F: 152605.8 ACFM

DRY FLUE GAS 354434 LB/HR
1 !1512.0 ; MOLES/HR

MW DRY FLUE GAS 30.79 LB/MOLE

* DENSITY OF AIR @ 60 F. 14.7 PSIA: 0.0763 LB/CU FT
DENSITY OF DRY FLUE GAS @ 60- F: 0.0811 LB/CU IFT

"VOLUME OF DRY FL0JE GAS: 72849.4 SDCFM

DRY FLUE GAS / COMBUSTION PRODUCTS:

PRODUCTS MW MOLES:- iR LB/HR V'OL i. T %

C £02 44 1901..)' 83643.87 16.517. 23.60%
02 -32 407.62 13043.76 3.54% -. 68%4
N N2 28 9202.03 257658.20 79.93"% 72.7ci%?
* S02 64 1.37 87.74 .01% 0. 027%

-TOTAL 11512.06 354433.57 1 O.0C'% 100.C07.

,'.
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COMBIUST ION CALCULAT ION

INPUTS:

- - FUEL ULTIMATE ANALYSIS:
DRY WrEIGHT FRACTION

C 0.52
*H2 0.063

N2 0.001
- 02 C.4050

S 03. '001

ASHI

FUEL DATA:

MOSUECONTENt: 47. 010% 0.013 LB H20'LP DRY AIR

-FLOW RATE. LB/HR: 49274
*PERCENT EXCESS 02: 2C0.0%7

- CALCULATIONS:

FUEL ANALvSIS:
DRY WTt. A.F-L.TY. LB/HR MWj MOLES/HR

-C 52. 00% 2-7567. 13,745.27 12 154
-s 7:1.07- 7,41 1665. 27 2 32. 65

0.10!'. C2 6 .26.43l2 0. 94
- 2 cr 5~ 21.4-7%. "),70f 45 32334. 55

*ASH4 I rC-7 o.35 sy 226 4.337
c" 7.100% 2237440.783 1- 13.2

TOTAL X &7- e74. 0(

OM~TjUSTION AIR (02; REQUIREMENT:
C-+02- *- :Cnfl7 REQUIRE=-: 1145-44 MOLES 02

H2 1I7, O--4-2O REDUIRES: 416.72 MOLES 02'
S+027-- I-SO27 REQUIF:ES: 0.837 MOLES G02

=O~~~IED~R COMBUSTION (STOICH): 156-2-59 MOLES 0ý2

SUBTRACT 02 IN FUEL: -334.`: MOLES 02

*~7 -,8 (122.4 MOLES 02

ADD EXCESS 02: 245.61 MOLES 02

* TOTAL 0 REUIRE FRM MBIJSTION AIR: 1473.65 MOLES 02

CMUTIO!N AIR REQUIRED: 7017.9 MOLES AI'.fHR
=202100.8 LB AIR/HR
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FLUE GAS / COMBUSTION PRODUCTS

~ P F'RODUCTS MW MOLES/HR LB/HR VOL 7. WT 7

C02 44 1145.44 50399.34 12.433% 19.79%
* •n !8 2280.8A7 a - 5 24.75% 16.12%

-. ,2 32 245.61 7859.48 2.66'. 3.09%
-. : 28 5544. •8 1 55251. 11 6(,.15% 60.977.

.302 64 0.83 52.87 0.0 % 0. 02,%

TOTAL 9217. 430 254618.52 100.00". 10C.C00%

FLUE GAS AT 350 F: 91952.1 ACFM

-. DF., FLUE GS 213563 LB/HR

S6936.56 MOLES/HR

-- MW DRv FLUE GAS 30.79 LBiMOLE

. DENSITY OF AIR @ 60 F. 14.7 PSIA: 0.0763 LB/CU FT
.oENSITY OF DRY FLUE GAS @ 6"- F: 0.0811 LB/CU FT

"nLUME OF DR'.- FLUE GAS: 43895.2 SDCFM

DR," FLUE i AS / COMBUSTION PRODUCTS:

i- I'O T S MW MOLES, HR LB/HR VOL % 1T

- C02 44 1145.44 50399.34 !6.51% 23. 60%
03 7 245.6 7859.48 -. 547 3.68%

S N? :8 5544. •8 155251.1!1 79.937. 72.707.
r54 4 - 5 5.2,51.8 11 7 :017. 7.02-7. 1,)

TOTAL 6936.56 21 3-,562.8,' 100.007 100.00%
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APPENDIX B

DRAWINIGS AND DIAGRAMS

S• NOTE: Because these are blueprints, they are not

specifically titled as figures.
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APPENDIX C

DETAILED DESIGN DESCRIPTION
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A. DETAILED DESIGN DESCRIPTIONS

1. Site Development Ei

a. Clearing, Grading, and Landscaping

Clearing will be limited to the necessary removal vegetation k

to make way for structures, parking areas, access roads, and the wood fuel

storage pile, including the cleared areas around the wocd pile required by the

Eglin Air Force Base Engineer.

- .,,n ,al, grading will be limited to only that necessary for

constructing flat-pads for structures, parking areas, roadways, the wood stor-

age area, and site drainage.

b. Fencing

"Chainlink fencing will be furnished around the perimeter of the

plant and woodyard. Gates will be furnished at appropriate locations to be

determined during detailed design.

C. Roads

The roads, hardstands, and truck turnaround in the wood fuel

receiving area will be designed to accommodate 70-foot, tractor-trailer trucks

at a maximum gross weight of 60 tons.

A gravel road will be provided around the perimeter of the wood-

yard area to accommodate firefighting equipment.
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2. Foundations

Foundations will be designed to bear on undisturbed earth, or engi-

neered fill. Foundations for buildings and structures Oill be the spread
footing type, and the turbine generator is to be set on a mat on-grade

foundation.

Piles are not included in the scope of the project.

Should the geotechnical investigation show that another type of foun-
dation is necessary, or that an anomaly exists, the scope will be redefined,

and the budget cost adjusted accordingly.

3. Structural Steel - _

7 a. Design Criteria

Structural design will be performed in accordance with accepted
practice, applicable codes and standards, including the local building code
(Uniform Building Codes (UBC), where local code does not apply). Wind loads,
and seismic zone consideration for the locale will be included in the design.

b. Woodyard Structures

Woodyard structures will be purchased equipment. Vendors'
drawings and literature will be r.iewed to ascertain the structural integrity

of their equipment.

Structural steel furnished with equipment will be painted.

c. Applicable Specifications

In general, structural steel will be designed for Type 2 con-
struction (AISC specification).
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4. Buildings

a. Design Criteria

Buildings required for weather and personnel protection will be

preengineered, steel-framed, insulated, and with metal siding.

Civil design will be performed in accordance with accepted good

practice, applicable codes, and standards including the local building code

(Uniform Building Code, where local code does not apply). Wind loads, and

seismic zone consideration for the locale would be included in the design. .-

b. Building(s)

A building will be required for maintenance, personnel, control,

and switchgear. The personnel facility will include offices, men~s and women's

toilets, change facilities, and a combination lunch and training -oom.

A roll-up door will provide equipment access.

Enclosures for the boiler and turbine areas are not provided.

5. Underground Piping

a. Design Criteria

The selection of piping materials will be based on mechanical

properties, as well as plant site economics.

b. Codes and Standards

Water and Sewage Systems: Uniform Plumbing Code (UPC)

Firemain System: National Fire Protection Association Code -.

(NFPA)
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6. Electrical Systems

a. System Analysis

The proposed system additions and modifications will be dis-
cussed in detail with the base civil engineer.

The present systems and anticipated future needs and expansions
will be thoroughly scrutinized, and new facilities caused to dovetail with
those conditions.

All anticipated changes will be coordinated with the local
utility. Particular attention will be given to protection interlocks with the
-uttility feeders, as -.-Io as chaiges required within the utility system.

Fault current and load flow studies will be made t'. ascertain if
existing facilities are suitable for the proposed additional power.

b. Proposed New Facilities

Electrical systems will be provided for the new biomass genera-
ting plant.

Modifications will be made at the Eglin AFB Valparaiso
substation to accept power from the new plant, and to coordinate it with the
Gulf Power Company's utility feeder.

In the case of the 2 5 -MWe plant, an intertie pole line will be
constructed to connect the Eglin AFB Valparaiso and Westgate substations.

.. 1.

c. Generating Plant

Power will be generated at a nominal 12-kV, and delivered
through a step-up transformer to the Valparaiso utility substation 115-kV bus.
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Power for the plant parasitic loads will be taken from the plant , .

12-kV system on the substation side of the generator breaker. A unit

substation will provide power at 4,160-Volts for the large fans and boiler feed

pumps; one or more unit substations will provide power at 480-Volts for the

balance of plant loads.

The generator neutral will be grounded through a distribution

transformer.

The generator power system will include a vacuum breaker and the

following protective relay systems: . _-

- Phase Overcurrent

- Reverse Power

- Phase Current Unbalance and Negative Sequence

- Loss of Excitation

- Phase and Gr uurj nifferential

-- Out of Step

- Neutral Overcurrent

- Field Ground

Metering will be provided to monitor generator and plant cur-

rent. voltage, frequency power factor, power, and energy.

Manual and automatic synchronizing systems will be provided to

synchrornize the generator to the 12-kV system at the generator breaker.

The stcp-L-o transfornier will be a two-winding unit. Winding

A- .connections will bE cocrdinate.J with the local utility to assure system and

] -" protection compatibi;4ty. The transformer will be provided with the following

protection, alarm, and indication systems: g
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Phase Differential

""- Neutral Overcurrent ---..

Sudden Pressure

- Low Oil Level
- Oil and Winding Temperature

:-'.• - Pressure/Vacuum "-___

"Lightning/surge arrestors will be provided at the generator and

step-up transformer.

d. Valparaiso Substation

A suitable circuit breaker or circuit interrupting device will

be installed to connect the generator system to the 115 kV substation bus.
Interlocks will te provided to prevent closing a live generating system to a

"live bus system.

Circuit control equipment, as required by the local utility will

be installed in the utility feeder to the substation at t•. substation.
S-. - - ,--

2!!i I A suitable circuit breaker or interrupting device will be .--.tý '- "7

installed to serve the substation inte-tie line. ,•i-:-

Insofar as practicable, the existing substation distributior'
facilities will not be disturbed.

e. Substation Intertie Line

A 115 kV pole line will be installed to connect the Eglin AFS
Valpariso and Westgate Substations.

"The line will be sized to carry the total Westgate substation

load.
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An air-break switch will be installed at the Westgate substation

to connect the tie line to the substatiort bus. This switch will be mechani-

cally interlocked with the utility feeder switch so as to prevent the tie line

and utility feeder from simultaneously energizing the substation bus.

Insofar as practicable, the existing substation distribution "-V!

facilities will not be disturbed.

7. Instrumentation and Control

a. System Function

The function of the instrumentation and control system is to

indicate and control the various processes within the facility. In additioa,

the control room instrumentation will provide the operator with a window on the

plant, and will act as the nerve center.

b. System Design Criteria

The instruments and control systems proposed for this project

will be of proven reliability in similar facilities, and be of a manufactur.--r°

standard design and manufacture. The central control room concept will be

used. The system furnished will be an aralog or a microprocessor-based type,

either centralized or distributed. The instrumentation, such as transmitters,

will be solid state type and utilize the industry standard 4-20 milliamp

direct current signal. Actuators will be pneumatic-powered and controlled

through current to pneumatic transducers. Critical control loops will have

control backup.

c. Combustion Control

The combustion control will make use of a two element master

pressure control system. The two elements will be steam flow as feedforward,

and steam pressure as trim. Variations in steam pressure will cause the fuel

"100



. . .'

and air quantity to change in an operator-adjustable ratio. The system will

also incorporate a lead-lag circuit such that on a load increase, air leads the

- fuel and on a load decrease, the fuel leads the air, and will include 02

correction.

St d. Drum Level Control

The drum level control will be of the three-element type utili-

"zing temperature compensated steam flow, feedwater flow, and drum level.

e. Steam Temperature Control -..-.

The final steam temperature control will be of the two-element

type, employing superheater interstage temperature, cascaded to the measurement

of main or final steam temperature.

f. Deaerator Pressure Control

Deaerator pressure will be maintained within the specified

limits utilizing a steam pressure reducing valve.

g. Deaerator Leve" Control

The deaerator level control system will be of the three-element

design using feedwater flow, condensate flow, and deaerator level.

h. Hotweli Level Control

The hotwell level control will be accomplished from the control

system. The hotwell water level controller will continuously detect condensate

level, and automatically control the water level in the hotwell.

10-1-.
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i. Auxiliary Steam Pressure Control

Auxiliary steam pressure will be controlled using a standard

pneumatic or electronic valve-mounted pressure controller.

j. Air Quality Monitoring Z1

The stack effluent will be monitored for opacity. The analyzer

system will be certified by the vendor to meet EPA and local requirements.

k. Miscellaneous Instrumentation

Critical plant parameters will be monitored and alarmed, such
: as:

Turbine bearing temperature.

Generator winding temperature.

Boiler feed pump bearing temperature.

Boiler draft pressure.

Dust collector differential pressure.

Particle collector differential pressure.

Plant condensate return contamination.

Turbine vibration.

Induced-draft fan vibration.
Forced-draft fan vibration.

Boiler feed pump protection system.

1. Boiler Feed Pumps

"Each boiler feed pump will be equipped with minimum flow recir-

culation controls. In addition, the net positive suction head (NPSH) will be

"calculated within the central control system. Upon detection of a low NPSH,

the operator will be alerted via an alarm.
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8. Steam Piping System

a. System Function

The steam system provides the required steam from the steam
generator to the main steam turbine, air ejectors, and the main turbine steam ,_
seals.

b. System Design Criteria

Maximum Design Capacity 216,000 ofhr

Maximum Operating Pressure 1,265 psia
Maximum Operating Temperature 9550F

The main steam piping will be installed in accordance with the
ANSI Power Piping Cede. Valves and fittings will have an ANSI pressure rating

which is appropriate for the design pressure and temperature conditions.

c. Applicable Codes and Standards

ANSI B31.1 Power Piping
ASME .Boi l er -"d Prcssure Vessel Code
Heat and Material Balance

d. System Description

(1) Main Steam Piping

The main stea'n system includes the piping from the boiler
block valve outlet to the turbine generator unit complete with accessories,
steam seal piping and drains.
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The steam piping installation will make use of changes of

direction and expansion loops to absorb thermal stresses. Insulation will be

provided. The piping will be sloped for drainage with drip legs located in

appropriate locations. Relief valves will be located at the outlet of pressure

reducing valves, to protect the downstream piping.

A steam attemperator will be used to control boiler outlet

"steam temperature. The attemperator will be a mechanically atomizing "desuper-

heater," utilizing boiler feedwater as the spray medium.

(2) Turbine Generator

The turbine will be a condensing uiit with an uncontrolled

extractions complete with main stop valve, gland steam sealing system, complete __

lube oil and control oil system, turbine control panel, emergency overspeed

system, governor control and protective system, turbine supervisory system and -

protective trips.

Alarms will be furnished to alarm conditions that could•.9

affect safe turbine operations (such as high vibration).

"(2) Extraction Steam

The (uncontrolled) extraction steam systems will provide

for the steam supply to the deaerator, the low pressure feedwater heater, and

"the gland seal system.

A reverse flow valve will be located in the extraction out-

lets from the turbine generator to prevent overspeed in the event of a turbine

trip. Isolation valves in the branch line from the extraction header will be

manually operated. A pressure control valve with manual bypass will be located

in the supply line to the deaerator.
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9. Condensate System

-:a. System Function

The function of this system is to condense the steam from the

turbine generator, and to transfer the condensate to the deaerator for removal

of dissolved oxygen, and reuse as boiler feedwater. .T -

The condensate system includes the main steam condenser, gland

steam condenser, ejector condensers, condensate pumps, deaerator, LP feedwater
heater, condensate tank, and interconnecting piping and valves.

b. Applicable Codes

AR1 B 31.1 Power Piping

ASME Boiler and Pressure Vessel Code

HEI Heat Exchanger Institute Heat and Material Balance

c. System Description

(1) Condenser

The main condenser will be a wet surface, air-cooled con-

denser. Cooling water is circulated over the condenser tubes to absorb the
heat, which is subsequently rejected to the mechanically induced air flow and

hence, to the atmosphere.

The condenser will be brought under a vacuum by the hogging -

ejector prior to startup of the turbine. After initial startup, operation of

the condensate system will be essentially automatic. The hotwell level will be

maintained automatically, as will be the deaerator storage tank level.

During operation, vacuum will be maintained by the cor-den-

sing of exhaust steam, and by operation of the air ejector package. Condensate -

level in the condenser hotwell will be maintained by a level controller. --
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The condenser hotwell will provide suction head for the

condensate pumps, and will be the receiving point for various piping and K-

equipment drains. The drains which will be routed to the condenser will only

be those which provide high-quality condensate.

(2) Steam Jet Air Ejectors

The steam jet air ejector package will use ejectors

"(eductors) to remove noncondensible gases from the condenser. Operation will

be strictly manual. Steam from the auxiliary steam system (pressure reduced

"steam from the steam drum) will be the motive fluid.

(3) Gland Steam Condenser

The gland steam condenser will be a shell and tube type

which will use condensate for cooling the gland exhaust steam.

(4) Condensate Pumps

Two 100-percent capacity, electric motor-driven condensate

pumps will be provided. Under normal operating conditions, one of the 100-per-

cent condensate pumps will be in operation, while the second pump will be on

standby.

The pumps will be started manually, either locally or from

the control room, the only permissive being that the condenser hotwell level is

not LO-LO.

A minimum recirculation control valve will ensure adequate

flow through the pumps to prevent their overheating, and will provide a minimum

flow through the gland steam condenser and steam jet air ejector condenser.

1
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(5) Condensate Storage Tank

Makeup to the condenser will be provided by a gravity flow
line from the condensate storage tank. The tank will be elevated sufficiently, :..

and the line sized adequately to meet the maximum makeup required under any
circumstances. This would include a turbine trip when the condenser vacuum had __.__

been broken, and steam vented to atmosphere. The condensate storage tank will

be sized to allow 2 days of plant operation without being replenished by the -
demineralized water system.

10. Feedwater System

a. System Function

The function of the boiler feedwater system will be to provide
feedwater to the steam generator at the appropriate pressure and temperature.

The boiler feed system will include two 100-percent capacity feed pumps, and

associated valves and piping.

b. System Design Criteria

Sizing of the feed pumps will be in accordance with ASME Code,
with margin added for transient operating conditions. The design flow rate
will be based upon boiler steam output rate and feedwater flow rate.

c. Applicable Codes

ASME Boiler and Pressure Vessel Code

"AN(SI B31.1 Power Piping

d. System Description

(1) Deaerator

The deaerator will be d direct contact feedwater heater,

and protected from overpressure by relief valves.
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There will be four normal flows into the deaerator:

_ Condensate/makeup from the hotwell - This is control-

•- led by the deaerator level control valve.

* Steam supply to the deaerator - The normal steam flow

to the deaerator is the turbine second extraction

flow. This is an uncontrolled flow at a controlled

pressure.

* Flash tank steam - Steam flashing in the flash tank is
piped to the deaerator. This flow is uncontrolled.

_-- '-

- Low pressure feedwater heater condensate return.

There will be one intermittent flow into the deareator:

this will be the boiler feed pump minimum recirculating flow.

There will be two normal flows out of the deareator:

- The deaerator steam/air vent - This will be uncon-

trolled, except by manual valve. A restriction ori-

fice will be located downstream of the valve to limit

the venting of steam.

"" The feedwater flow to the boiler feedpumps - This flow

will be controlled by the feedwater pump controls.

"There would be one upset condition flow out of the dea-

" reator: this would be the deaerator HI level dump flow which will be con-

trolled by a float and thermostatic trap. EI•
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(2) Boiler Feed System --

The boiler feedwater system will operate automatically b
after initial startup. During normal operation, the boiler drum level will be

maintained by a control valve on the pump discharge header. Minimum recircu-

lation of the feedpump flow back to the deaerator will be controlled auto-

matically by means of a recirculation system.

" Two 100-percent multistage, horizontal centrifugal pumps '--Z
will be provided. Both pumps are electrically driven.

The feedwater pumps will be be manually started or stopped

either locally or from the control room. The feedwater pumps will be auto-
matically tripped on high vibration, high temperature, low deaerator level, and

"low NPSH. Minimum flow will be maintained by means of a minimum recirculation

control valve on the discharge of each pump. Flow to the drum will be con-

trolled by a level control valve.

During automatic operation, a feedwater flow control valve

wiil use 'three-element" drum level controls to regulate feedwater flow: steam

flow, feedwater flow, and drum level. During manual operation, the valve will

be regulated by the plant operator.

11. Blowdown System

a . System Function

The function of the blowdown system will be to accept drain

flows from various plant systems. The system will include a flash tank, an

atmospheric blowdown tank, vent, and drain piping.

"b . Applicable Codes

ASME Boiler and Pressure Vessel Code

"ANSI B31.1 - Power Piping Code
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c. System Description

A flash tank will be provided for continuous blowdown. A blow-

down tank will be provided for intermittent and startup. This tank will

receive flow from the boiler drum and steam line drains which are normally

opened during startup. __ -

During normal operation, the flash tank will receiv'e continuous

flow from the boiler drum.

Level will be maintained in the flash tank, and blowdown tank by

"a level controller.

12. Circulating Water System

a. System Function

The circulating water system supplies cooling water to meet the

cooling requirements of the main steam condenser and the power plant auxiliary

cooling system.

b. System Design Criteria

Design Wet Bulb Temperature 77CF

"c. Applicable Codes

"ASME Boiler and Pressure Vessel Code

ANSI B31.1 Power Piping Code
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d. System Description

The circulating water system will supply cooling water to meet

the cooling requirements of the condenser and the power plant auxiliary cooling

system. The circulating water chemical feed system will inject biocide into
the cooling water system for prevention of biological fouling, and sulphuric

acid into the cooling water for pH control.

The condensing system will be a mechanical draft, wet surface,
air-cooled condenser. The number of fans in operation will be sequentially

controlled as required.

•,: .-.-.

A float-operated level control valve will maintain the wet

"surface condenser circulating water receiving tank level.

The circulating water blowdown will be accomplished by sensing

"conductivity. Discharge will be routed to the base sewer system.

LAITwo 100-percent capacity electric motor-driven circulating water

pumps will be provided. One pump will normally be in operation while the other

is on standby. -".

The discharge of each pump will be equipped with a motor opera-

ted butterfly valve.

13. Service Water System

a. System Function

"The function of this system will be to provide water distribu-
tion for process, fire, potable, and service water ,ses in the plant. -

b. Applicable Codes

Uniform Plumbina Code
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c. System Description

The system will consist of a line from the Eglin AFB water

system, and will supply water to the fire protection system, conderser system

makeup, demineralizer, domestic water and utility service in the plant.

A raw water storage tank will not be included.

14. Closed Cooling Water System

a. System Function ':

The closed cooling water system (plant auxiliary cooling system)

_K removes heat from the boiler feed pump bearing coolers, the sample coolers,

turbine lube oil cooler, and the generator air/water cooler, and then rejects

this heat by means of a dedicated heat transfer section in the wet surface,

air-cooled condenser. -'

b. Applicable Codes

ANSI Power Piping Code, B31.1

c. System Description

Water will be supplied from the auxiliary cooling system

circulating water pump discharge. The water w;ill hs suDplied to the various
heat exchangers arranged in parallel, back to the dedicated heat transfer

section in the wet surface, air-cooled condenser. If required, cooling water
. flow through the various heat exchangers will be controlled by temperature con-

trollers.
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15. Station Air and Instrument Air System

a. Air System Function

The compressed air system will be provided for the distribution

of clean, dry, oil-free instrument air to the various plant instrumentation and
control devices. A separate service air distribution system will be provided.

.• b. System Description %

Compressed air will be provided by two 100-percent electric
motor-driven air compressors. An ASME standard receiver will be provided with
2-minute stcrage capacity. Two 100-percent filters and dryers will be provided

to ensure proper air quality for the instrument air service. Service air out-

lets will be provided.

The total air flow requirement will be provided at approximately
100 psia, and the distribution piping will be sized accordingly.

The header will be maintained at constant pressure by the com-
pressors. Air flow will be taken from the system as required for operation.

Manual vent/drains will be provided in each main header.

16. Turbine Lube-Oil and Iube-Oil Purification System --- -

a. System Function En:

This system will provide for" the lubrication requirements of the

steam turbine and turbine generator, the control oil supply and the

purification of both the lubricant and control oil.
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b. System Description

The turbine generator lube- and control-oil system will include

three independent oil pumps that will ensure that the bearings receive suffi- ,

cient lubricating oil in operating and upset conditions.

A high capacity, main oil pump, driven by an AC motor, will

"supply oil for lubrication and control while the turbine generator is running.

An auxiliary oil pump will supply lubricating oil while the set

is being started up or is running down.

An emergency oil pump, driven by a DC motor, will be a centri-

fugal pump. In the event of loss of AC power, it will ensure that while the

turbine generator is running down, sufficient oil is being supplied to the

bearings.

17. Steam Generator System

a. System Function --

The purpose of the steam generator will be to produce steam at

the proper pressure, temperature, and flow to satisfy the steam requirements of

the turbine generator.

b. System Design Criteria

Steam Generator

Design Capacity 216,000 lb/hr

"Design Outlet Pressure 1,265 psia

Design Outlet Temperature 955 0 F L-
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The design dry basis for the fuel is as fcllows:

Btu/lb (HHV) 8,500

Carbon % 52.0

Hydrogen % 6.3

Nitrogen % 0.1

KSulfur % 0:01 1_E _

Ash % 1.0

Oxygen % 40.5

As delivered fuel assumed at 47-percent moisture content on wet

basis.

c. Applicable Codes, Standards, and Specifications

i ' ANSI B31.1 Power Piping

ASME Boiler and Pressure Vessel Code

d. System Description

The steam generator will be a fluidized-bed combustor design,

and will be furnished complete with an economizer, superheater, and steam

SI:attemporator system.

The steam generator will include conveyor for combustor fuel

"feed, combustor blower, tramp iron removal, bed medium recirculation system,

inert bed material hopper, and fuel feed metering bin. Also furnished will be

integral valves and piping, including boiler safety valves, a main steam stop

,alve, feedwater inlet stop check valves, and blowdown and drain valves.

The steam generator will be designed to operate automatically to

maintain the desired outlet steam conditions. The firing rate will be con-

t.olled by the combustion control system, and the drum level maintained by a

feedwater control system. -.. -"

V-7
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(1) Air and Flue Gas

The air and flue gas system will provide combustion air to

the furnace and remove the products of combustion from the furnace. The system

will include the forced draft (FD) fan, the induced draft (ID) fan, and

interconnecting ductwork.

The air and flue gas system will operate automatically.

Air flow will be regulated by adjusting the FD fan damper. This will be

controlled by the combustion control system. The ID fan damper will be auto-

matically controlled to maintain furnace draft.

(2) Air Quality Control

The air quality control system will remove particulate from

the dust-laden boiler gases to reduce stack emissions to acceptable local air

quality standards.

The boiler manufacturer will supply a mechanical dust col- LL'._
lector, which will remove a substantial portion of the larger particulate

matter entrained in the flue gas stream. The mechanical dust collector will be

a multiple cyclone-type. Fine particulate removal will be accomplished by an --

electrostatic precipitator (ESP) or baghouse as required. The ESP will limit

the outlet particulate emissions to 0.01 gsdf.

The stack provided will be of sufficient diameter and

height to ensure proper dispersion and draft. Stack gas emission monitoring

will consist of an opacity meter located in the stack.

18. Fuel Handling System

a. System Function

The wood handling system provides a means of receiving, classi-

fyirng, shredding, storing, reclaiming and transporting hogged woodwaste to the ..

boiler feed hopper.

116

"- - .. - -- - - - - --. - - - -



5RN

m-.

b. System Design Criteria

The system will be designed to handle wood fuel with the

following fuel characteristics:
- a.

Acceptable Moisture Range 0-60-Percent

Average Moisture Content 47-Percent

Acceptable Particle Size to Boiler 3-incii minus

Average Bulk Density 20 lb/ft3

Maximum Acceptable Length of Pieces 2 ft
"to Unloader

c. System Description '-S

The wood handling system will be designed to receive, size, and

transport woodwaste fuel to storage at a rate of 250 tph. The reclaimer system

will feed fuel to the surge bin at rates up to 100 tph. The feed system will

provide properly sized wood fuel to the boiler to maintain the design

fuel-firing rate.

Wood fuel will be trucked to either one of two truck dumpers,

each with a scale and receiving hopper. The reclaim from the hopper will be

to a belt conveyor which will pass the fuel below a magnet, for tramp iron 2.,.

removal, and onto a disc screen. The disc screen will allow properly-sized

material to be transferred directly to the transfer belt conveyor. Oversized

material will be fed to a hog for size reduction and then be deposited on the

transfer conveyor. The transfer conveyor delivers material to stackout

conveyor and the storage pile. Front-end loaders supplied by Owner, will be

used to spread fuel out onto the storage pile, and to move it back onto the

reclaim system.

Wood fuel will be reclaimed by the use of underpile reclaimers.

Reclaimed fuel from storage will be delivered to a surge bin equipped with

"feeders for handling fuel to the boiler.
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(1) Wood Receiving and Unloading

Wood waste will normally be delivered to the site by truck,

"on a 5 day per week, 8 hour per day basis. Each truck will have a capacity of

"about 25 tons. During the delivery period, wood fuel will be transferred to

the storage pile and to the boiler as required. ____

(2) Scales

A truck scale, which will be an integral part of each

dumper, will consist of the necessary instrumentation to provide pertinent data

"required relative to custody transfer of wood fuel, such as before and after

weights, net weights, and accumulation net weights. §

(3) Truck Dumper and Hopper

The plant will be equipped with dual lifting platforms.

The platforms will have A-frame type mounts with hydraulic cylinders for

dumping into the receiving hopper. £12

"(4) Magnet

An electromagnet will be used and will be so designed as to

remove tramp iron from the fuel before it reaches the disc screen classifier

and shredder. The magnet will be suspended above the belt conveyor discharge

spout, delivering fuel to the screen. For cleaning, the magnet will be manu- '-".

ally moved away from the conveyor, power removed, and accumulated tramp iron is

"collected in a bin at grade level.

(5) Ciassifying Station

The classifying station will consist of a disc screen and a

wood and shredder. Wood fuel which matches specified dimensions will pass the

"screen and will be deposited onto the transfer conveyor. Oversized material

passing over the screen will enter the hog where it will be reduced to

"specified size and deposited onto the transfer conveyor.
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(6) Transfer Conveyor

The transfer conveyor will receive material from the clas-

sifying station and transfer it to the stackout conveyor and then to the stor-
age pile. There will be a discharge point over each of two underpile re-

claimers.

(7) Main Storage Pile

"The main fuel storage pile will have space to contain
approximately 3 months of supply at the maximum burn rate of the boiler.

(8) Fuel Feed System

The fuel feed system will cciasis- of a mobile wheeled,

front-end chip loader moving fuel from the plant storage pile to either one of

two underpile reclaimers delivering fuel through a reclaim belt conveyor to the

boiler surge bin.

(9) Reclaimer

The under pile reclaimer will automatically reclaim fuel as

long as fuel is piled above it. It wil move the wood fuel from the pile to

the reclaimer outfeed conveyor. The chip loader, in working the pile, will

keep fuel piled above the reclaimer.

(10) Reclaimer Outfeed Conveyor

This conveyor will move chips from the reclaimer and

deliver them to the surge bin. The conveyor will be designed to carry a maxi-

mum of approximately 100 tons per hour.
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(11) Surge Bin

The surge bin will provide a minimum of a 3-hour supply of Li
•I • fuel near the boiler.

.* ~19. Ash Handling System

S.a. System Function

This system will cover the removal of ash from the steam gener-

ator system and air quality control system, and from there to a loading systemn. "'-

for disposal in a landfill. K:

b. System Description

One complete ash collection and removal system designed to

handle approximately 30 tons per day of boiler and fly ash will be furnished.

This will accommodate ash produced from normal plant p~eration. The removal

system will operate semiautomatically once it is manually started by the plant

operator. The ash will be moved to an ash cnntainer where it will be hauled

away by truck.

20. Heating Ventilating and Air-Conditioning System

a. System Function

The function of the HVAC system will be to maintain building

indoor air temperature and humidity within specified limits.

b. System Design Criteria

The control room HVAC system will be designed to maintain the

temperature at 73 0 ±5*F and the relative humidity between 10 and 50 percent.

The room will be kept at a positive pressure with respect to the surrounding

space. The air will be filtered.
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c. System Description

A heating, ventilating, and air-conditioning system will be
furnished for the control room and adjacent offices. Heating and ventilation
will be provided in the maintenance area.

The HVAC system will be controlled automatically by a control
station located within the control room.

21. Plumbing System (Drainage and Potable Water)

a. Plumbing-Drainage System Function

S--This system will provide the drainage management of storm water,
•'tility water and sanitary water.

b. Drainage System Design Criteria

Applicable Codes

WPCF Manual of Practice No. 9
Titled: "Design and Construction of Sanitary and Storm Sewers"
Uniform Plumbing Code (this code is applicable, if a local
plumbing code does not exist).
Standards & Guides: Applicable Ultrasystems Standards & Guides

c. Drainage System Description

(1) Storm Drains

Storm drainage will be accomplished by extending the
existing base drainage system as required, and if applicable.

:.'--_"*
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(2) Utility Services

Utility water used for general housekeeping, boiler area
and maintenance area floor drains will be collected and will be routed via an

oil/water separator to the sewer.

(3) Sanitary Drains

Sanitary sewer drain points will be collected by a

dedicated system and routed to the sewer.

d. Potable Water System Design Criteria .

The potable water system will provide for the supply and dis-'_-__

tribution of domestic quality water to users throughout the plant.

The potable water piping will be installed in accordance with

the ANSI code, and valves and fittings will have an ANSI pressure rating and

material suitable for the intended service. High point vents and low point

- drains will be provided.

e. Potable Water System Description

Water supply for the diverse plant users will be obtained from

the Eglin AFB water system directly into the system which will service all

domestic water users such as drinking fountains, washrooms and the chemical

lab.

22. Fire Protection System

a. System Function

All underground piping in the fire protection system will be PVC

Class 150 AWWA C-900, Cast Iron O.D., with elastomeric couplings, subject to
final check of local requirements.
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b. Applicable Codes

All underground piping and above ground piping shall conform to

S-. NFPA Codes and applicable local codes.

c. System Description

A central fire alarm control panel will be located in the

control room. The water required for the fire protection system will be

supplied from the local water system, or base fire protection system, as ____

applicable.
-.-.:.-:.:

Fire protection water will be routed underground to a piping :-.

loop system which covers those areas in the plant that are protected by fire

hydrants. The fire protection system will service the following areas: .:. -.

:" Area Type of Protection

Woodyard Area Hydrants and portable extinguishers at truck

dumper and conveyor areas. Ring of hydrants • -

and post indicator valves around woodyard

perimeter.

Boiler Area Hose stations and portable extinguishers.

Manual alarm stations.

"Maintenance and Office Areas Sprinkler system, portable extinguishers and

manual alarm stations.

Turbine Area Hose stations and portable extinguishers.

Manual alarm stations, and sprinkler system

around lube oil area.

Control Room Portable extinguishers, smoke detectors and

manual alarm stations.
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The local water system is assumed to provide sufficient capacity "-•

SF' ,- and pressure for the fire protection system, therefore, fire pumps and onsite

fire water storage will not be supplied.

;4C

23. Makeup and Condensate Water Treatment

a. System Function

The function of the water treatment system is to provide de-

mineralized makeup water to the boiler system at the proper flow and quality.

b. System Description

The water treatment system will consist of two rented cation-

anion deminerolizer systems (or equivalent). Supply water to the deminera- ,-T.-_-*

lizer will be provided by the makeup water system.

Both demineralizers will be designed to produce or process the

required quantities of boiler makeup water, and boiler blowdown at a quality

within the recommended range of the boiler and turbine generator manufacturers.

A degasifier will not be provided.

A silica analyzer will be provided which can be used to monitor

silica levels in the treated water after the mixed-bed bottles, or after the

anion bottles. A high silica signal will also close the demineralizer inlet

control valve end alarms in the control room, notifying the operator it is time

to switch to the standby bottles.

24. Wastewater Treatment

a. System Function

The purpose of this system will be to gather, treat as required,

and dispose of wastewater from the plant.
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b. System Description

Boiler and turbine area drains will be directed to an oil sepa-

rator unit.

Condensing system and boiler blowdown will be discharged to the

sewer system.

, Sanitary drains will be provided to dispose of sanitary waste-

"water. Discharge from the plant drains system goes through an oil separator
before discharging to the sewer system.

Storm drainage will be accomplished by connecting to an existing
base network, if applicable. This interconnection of drainage services would

eliminate the need for onsite drainage basins.

25. Chemical Feed

a. System Function
m5 ".- ;i '" -

The function of the chemical feed system will be to treat and
supply the proper chemicals to the condensate system, and to eliminate problems
in the boiler caused by scale, corrosion, carry over, and caustic ZL

embri ttl ement.

"b. System Description

A boiler chemical injection package will maintain proper boiler

cycle water chemistry. The system will be composed of three storage drums and
positive displacement pumps that inject chemicals into the steam drum and

deaerator. r-_--

Phosphate and morpholine will be injected into the drum and con-
denser hotwell to reduce boiler scale deposits and adjust pH, respectively.
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Sulfite will be injected into the feedwater to neutralize resi-

dual oxygen, thus preventing oxygen corrosion.

Process sampling will provide a means for verifying the chemical

composition of various process media.

Grab sample connections will be furnished for the testing of

steam id water quality throughout the cycle. Sample connections will be pro-

vided at the main steam header, the boiler drum, the feedwater line near the

economizer, the condensate pump discharge, and the cooling water system. The

steam, feedwater, and boiler water sample points will be provided with sample L2

coolers.

Samples will be taken manually and analyzed in laboratory faci- - --

liies. Samples will be analyzed for impurities such as soluble gases, sus-

pernaed solids, and dissolved solids. An excess level in any of these areas

will be corrected by making proper adjustments in the water treatment system.

7
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